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PREFACE. 


TiiK  mpid  advaiicea  whicli  liavc  been  iiiiwle  in  modern 
tiuje8,  towards!  a  correct  knowledge  of  the  intimate  structure 
of  animate  and  inanimate  beings,  by  tlie  employment  of  the 
Microseojje,  have  given  to  this  inetniment  an  importance 
second  only  to  that  of  the  Telescope,  By  its  agency  alone 
have  crude  notions  and  theories  been  swept  away,  and 
edence  in  civilized  countries  made  to  stand  on  a  firmer  basis. 
In  this  land  of  machinery  and  manufactures,  artists  have  not 
been  found  wanting  to  devote  their  time  and  talents  to  the 
conversion  of  what  might  once  have  been  an  amusing  tnstru- 
tiient  or  a  toy,  into  one  of  the  most  powcrfid  auxiliaries  that 
can  be  employed  in  scientific  research.  In  proportion  to  its 
use,  m  has  been  the  demand  for  improvement  in  its  construc- 
tion, and  both  amateur  and  optician  have  laboured  together  to 
bring  it  to  it^  present  eUitc  of  perfection,  the  former,  in  many 
cases,  furnishing  the  means  to  enable  the  latter  to  carry  out 
their  designs.  In  tlic  present  day,  so  lu'gent  has  been  tlie 
C4ill  for  Achromatic  Microscopes  in  England,  that  the  demand 
h:is  far  exceeded  the  ^ui>ply  of  information  on  matters  con- 
nected with  their  construction  and  use ;  since  the  works  of 
Sir  D.  Brewster,  Dr.  Groring,  and  Mr.  Pritchard,  no  treatises 
of  a  practical  nature  hsivc  been  pidihshed  in  this  country* 
The  writings  of  Mr,  Pritchard,  although  very  excellent,  are 
chiefly  confined  to  the  instriunents  and  apparatus  of  his  omi 
nianuiftcture,  ronj^equently,  |tei*sons  who  arc  in  jwssession  of 
niicroacope^  coublructed  by  others  (and  these  by  far  the  most 
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numerous  class)  are  etill  without  a  guide  to  their  management ; 
to  remedy  this  deficiency,  the  present  work  has  been  under- 
taken. The  principal  aim  the  Author  has  had  in  view  has 
been  to  furaish  die  uninitiated  with  a  concise  and  practical 
account,  firstly,  of  the  Microscope  as  known  in  foniier 
years ;  secondly,  of  the  different  forms  of  instruments  now 
generally  employed ;  thii-dly,  of  the  methods  of  applying  the 
same  to  scientific  inquiry  ;  antl,  lastly,  of  tlie  various  plans  of 
preparing,  mounting,  and  examining  animal,  vegetable,  and 
mineral  substances,  together  with  a  classification  of  a  few 
characteristic  and  interesting  specimens  that  may  be  selected 
from  the  great  volume  of  Nature- 
It  was,  at  first,  the  intention  of  the  writer  to  have  included 
in  the  present  Treatise  the  methods  of  dL^ecting  and  injecting, 
as  well  as  many  very  important  matters,  purely  of  an  anato- 
mical nature ;  but  he  has  found  it  ad\4sable  to  defer  these  and 
all  others  relating  exclusively  to  physiological  science  to  a 
separate  work,  which  he  hopes  at  a  subsequent  period  to  lay 
before  the  medical  profession,  to  whom  the  Microscope  has 
now  become  indispensable  as  an  educational  instrument 

The  different  modes  of  preparing  and  examining  Micro- 
acopic  objects  are  chiefly  the  result  of  the  Author's  own  expe- 
rience, but  as  it  would  be  next  to  impossible  for  one  individual 
to  be  f\iUy  conversant  with  all  these  subjects,  he  begs  to  state 
that  he  will  always  be  glad  to  receive  from  fellowJaboiu-crs 
any  hints  bearing  on  matters  relating  to  the  Mjcroscojie, 
and  ready  to  acknowledge  the  source  from  whence  such 
information  may  have  been  derived.  In  order  to  render 
tlic  matters  treated  of  clear  and  intelligible  to  tlie  general 
reader,  as  many  technicalities  as  possible  have  been  avoided, 
and  the  simplest  language  made  use  of;  which  will  account 
for  the  plainne^^  of  style  and  composition. 
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It  may  he  remarked  that  the  name  of  Mr*  Ross  occurs  more 
fi-cquently  than  that  of  any  other  optician ;  this  has  arisen 
from  the  very  valuable  papers  published  by  him,  from  which 
the  ii^uthor  has  made  copious  extractjs ;  he  embraces  this  op- 
portunity of  acknowledging  the  kind  assistance  afforded  him 
on  all  occasions  by  Messrs.  Powell  and  Lealand,  Mr*  Ross, 
and  Messrs.  Smith  and  Beck.  He  would  here,  also,  beg  to 
tender  his  best  thanks  to  Dr.  Pereira,  Mr.  Bower  bank,  Mr, 
Jackson,  and  other  gentlemen  who  have  obligingly  aided  him 
with  much  useful  information  during  the  progress  of  the  book, 
as  well  as  to  the  artists,  Messrs.  Leonard  and  Aldous,  and 
the  wood  engravers,  Messrs.  Vasey  and  Joyce,  for  the  able 
manner  in  which  their  part  of  the  work  has  been  executed. 

In  conclusion,  the  Author  trusts  that  Ida  endeavours  may 
not  be  unavailing  in  aftbrding  assietance  to  those  who  are 
engaged  in  Microscopic  investigations ;  and  should  his  efforts 
be  conducive,  in  the  slightest  degree,  to  the  promotion  of 
scientific  research,  the  end  for  which  he  has  laboured  will  be 
fully  accomplislied- 
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mentions  the  burmng  property  of  lenses  made  of  gtfii 
Ptolemy,  the  celebrated  astronomer  of  Alexandria,  who 
flouiished  in  the  latter  part  of  the  first  century,  was  evidently 
cognizant  of  the  existence  of  magnifying  glasses,  and 
makes  use  of  the  word  refraction  in  his  work  on  opticsb 
The  testimony  of  these  ancient  writers,  however,  is  only  im- 
portant as  proving  the  existence  of  the  microscope  in  its  most 
simple  and  rudimentary  form,  vi^,  as  an  instrument  composed 
of  a  single  magnifying  glass  or  sphere,  whose  chief  application 
appears  to  have  been  that  of  concentratii^  the  heating  power 
of  the  Bim'a  rays.  To  our  countryman,  Roger  Bacon,  who 
was  bom  at  the  commencement  of  the  tliird  century,  is  attri- 
buted tlie  invention  of  the  telescope,  the  camera  obscura,  the 
reading  glass,  and  gunpowder,  and,  by  some,  the  discovery  of 
the  microscope;  as  he  speaks,  in  his  Opus  Majm^  of  principles 
applicable  to  it,  and  Record,  in  his  work  entitled  Chemin  de 
la  Science^  published  in  1551,  relates  that  Bacon,  whilst  at 
Oxford,  made  a  glass  which  exhibited  such  curious  tlungs, 
that  its  effect  was  generally  attributed  to  some  diabolical 
power.  It  is,  however,  certain  that  the  simple  microscope,  if 
we  apply  this  term  to  every  instrument  used  for  magnifying 
objects^  first  consisted  of  a  sphere  of  glass  or  of  a  globe,  of 
the  same  material,  filled  with  water,  these,  no  doubt,  were 
Boon  superseded  by  lenses  of  a  bi-convex  figure,  for,  according 
to  Dr.  Francis  Redi,  these  latter  were  in  use  early  in  the 
fourth  century.  Some  hundreds  of  years  were  suffered  to 
elapse  before  the  microscope  was  again  noticed,  and  then 
we  read  of  it  in  its  improved  or  compound  form,  as  being 
suppUed  with  two  or  more  magnifying  powers.  Several 
authors,  especially  Huyghens,  asmgn  the  invention  of  the 
compound  microscope  to  Cornelius  Drebbel,  a  Dutchman,  in 
the  year  1621,  whilst  Fontana,  a  Neapolitan,  claims  the  dis- 
coTery  for  himself  in  1618.  According  to  Borellus,  it  was 
invented  by  Zacharias  Jansen  or  Zansz,  or  his  father  Hans 
Zansz,  spectacle-makers  at  Middlelnirg,  in  Holland,  about 
the  year  1590,  They  are  said  to  have  presenteil  the  first 
microscope  to  Charles  Albert,  Archduke  of  Austria.  "  One 
of  their  microscopes,"  says  Sir  D,  Brewster,  in  his  Treatise 
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on  Micraicopts^  page  2,  "  which  they  presented  to  Prince 
Maurice,  was  in  the  year  1617  in  the  possefsion  of  Corneliua 
Drebbel  of  Alkmaar,  who  then  resided  in  London  aa  mathe- 
matician to  King  Jamea  L,  in  wliich  place  he  made  micro- 
ecopesy  and  pa^ed  them  off  as  being  of  his  own  invention*" 
These  instruments  were  said  to  be  six  feet  in  length,  and 
consisted  of  a  tube  of  gilt  copper,  one  inch  in  diameter,  sup- 
ported by  thin  brass  pillars,  in  the  shape  of  dolphins,  on  a 
base  of  ebony,  which  was  adapted  to  hold  the  object  to  be 
cacamined;  nothing,  however,  is  known  of  their  internal  con- 
struction, they  were,  probably,  nothing  more  than  telescopes 
convertcil  into  compound  microscopes,  and  there  is  no  doubt 
but  that  they  were  similar  to  the  one  which  j^pinus  has 
described  in  a  letter  addressed  to  the  Academy  of  Sciences 
of  St  Petersburg.  We  are  also  told  by  Viviani,  an  Italian 
mathematician,  in  hie  Life  of  Galiko^  "  that  this  great  man 
was  led  to  the  discovery  of  the  microscope  from  that  of  the 
telescojie,  and  that,  in  1612,  he  sent  one  to  Sigismnnd,  King 
of  Poland  f  be  adds,  ^*  that  this  philosopher  worked  twenty 
years  at  liis  apparatus  in  order  to  perfect  it  But,  notwith- 
standing all  the  above  conflicting  statements,  the  credit  of 
the  invention  of  tlic  compound  microscope  is  given  (in  this 
country  at  least)  to  Zacharias  Jansen,  in  1590*" 

Lca\dng  then  the  region  of  uncertainty,  let  us  now  direct 
our  attention  to  matters  of  a  more  tangible  nature.  With 
the  foundation  of  the  Royal  Society,  in  1660,  may  be  said  to 
have  commenced  a  new  iiM'a  in  optical  science,  for  not  only  do 
we  now  find  new  microscopes  described,  but  the  eai-ly  volumes 
of  the  transactions  literally  teem  with  improvements  in  the 
construction  of  these  insti-mnents,  and  with  discoveries  made 
through  their  medium.  One  of  the  first  contributors  appears 
to  have  been  the  celebrated  Robert  Hooke,  who,  as  early  as 
the  year  1667,  published  a  work  on  some  physiological  de- 
scriptions of  minute  bodies  made  by  magnifying  glasses, 
entitled  Micrographia,  which  may  be  fairly  styled  one  of  the 
wonders  of  the  day;  it  is  illustrated  with  38  plates,  and  was 
ordered  for  pubUcation  November  23rd,  1664,  but  did  not 
appear  until  three  years  afterwards. 
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The   i^ierodcope    used    by   Hooke    was  a   compouml    on© 

mth  three  lenses^  aod  is 
shown  at  fig.  I,  and  also 
in  the  sixth  figure  of  the 
first  plate  of  his  work,  in 
which  figure  it  will 
perceived  that  he  like 
represents  a  method  of  illu- 
minating  opaque  objeci 
which  is  even  practised  at' 
the  present  day,  the  plan 
being  to  place  a  globe  of 
glass  filled  with  salt  w^ater  or 
brine  iiumediately  in  front 
^^'    *  of  the  lanip,  the  pencil  of 

rays  from  the  globe  are  received  by  a  enuill  planoconvex  lens, 
placed  with  Its  convex  side  nearest  the  globe,  which  condeoBes 
them  upon  the  object  Hooke  also  informs  us  of  an  accurate 
method  of  finding  the  magnifying  power  of  a  compound 
microscope,  than  which  a  better  plan  has  uot  been  suggested 
in  modem  times,  and  as  it  would  be  difficult  to  make  his  de- 
scription shorter  or  more  intelligible  tlian  it  is,  I  shall  here 
transcribe  his  own  words : — "  Having  rectified  the  microscope 
to  see  the  desired  object  through  it  very  distinctly,  at  the 
same  time  that  I  look  upon  the  object  through  the  glass  with 
one  eye,  I  look  upon  other  objects  at  the  same  distance  with 
my  other  bare  eye;  by  w^hich  means  I  am  able,  by  the  help 
of  a  ruler  divided  into  inches  and  small  parts,  and  laid  on  the 
pedestal  of  the  microscopG,  to  cast,  as  it  were,  the  magnified 
appearance  of  the  object  upon  the  ruler,  and  thei*eby  exactly 
to  measure  the  diameter  it  appears  of  through  the  glas8» 
which  being  compared  with  the  diameter  it  appears  of  to  the 
naked  eye,  will  easily  afford  the  quantity  of  its  magnifying." 
To  Hooke  also  belongs  the  merit  of  having  first  made  globule 
lenses  of  high  power,  an  invention  which  Hartsoeker  has 
also  claimed;  but  if  the  dates  of  the  works  of  these  respective 
authors  be  consulted,  it  will  be  seen  that  the  Mkrographia 
of  Hooke  waa  published  in  the  same  year  that  Ilartsoeker 
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was  born.  Hooke  describee  exceedingly  well  the  process  of 
niaking  globule  lenses,  which  ia  as  follows:—"  If  you  take  a 
clear  piece  of  Venice  glass,  and,  in  a  lamp,  draw  it  out  into 
fine  tlireads,  and  then  holding  the  ends  of  these  threads  in 
the  flame,  until  they  melt,  they  will  nin  into  a  small  round 
globule  or  drop,  which  will  hang  to  the  end  of  the  thread; 
having  made  a  number  of  tliese,  tliey  are  all  to  be  stuck  upon 
the  end  of  a  stick  with  a  little  sealing-wax,  with  the  threads 
standing  nppermoet*  these  ends  are  to  be  ground  off  first  on  a 
whetstone  and  Uien  polished  on  a  metal  plate  with  tripoli. 
Tlie  lenses  thus  finished,  if  placed  against  a  small  hole  made 
in  a  thin  piece  of  metal,  and  fixed  there  with  wax,  will  both 
magnify  and  make  some  objects  more  distinct  than  any  of  the 
great  microacopes  can  do." 

The  optical  part  of  the  microscope  of  Hooke  consisted  of  a 
small  object-glavss,  a  field^lass,  and  an  eye-glass;  when  he 
wished  to  exiunine  the  parts  of  an  object  more  accurately,  he 
removed  the  middle  or  field-glass,  and  by  that  means  he 
etates  he  obtained  more  light  and  better  definition.  Tlie 
compound  body  wa«  of  the  shape  represented  by  fig.  1,  and 
when  slmt  up  was  seven  inches  in  length,  and  three  inches  in 
diameter,  but  was  capable  of  being  drawn  out  like  a  telescope, 
it  being  supplied  with  four  tubes  or  slides;  it  was  also  capable 
of  being  inclined  at  any  angle  by  means  of  a  ball  and  socket 
joint,  as  represented  by  fig.  I.  Coeval  with  Hooke  were 
Eustachio  Divini,  of  Rome,  and  S.  Campani,  of  Bologna,  tho 
former  of  whom,  in  the  year  166B,  published,  in  the  Philo' 
S€pkical  Transactiofis,  an  account  of  his  microscope,  which 
consisted  of  an  object-glass  and  field-glass,  like  that  of  Hooke, 
but,  instead  of  a  double  convex  eye-glass,  he  substituted  two 
planoconvex  lenses,  which  touched  eacli  other  in  the  middle 
of  their  convex  surfaces ;  by  this  arrangement  a  flat  field  of 
view  was  obtained,  at  the  same  time  with  a  considerable 
amount  of  mngni lying  power.  It  is  said,*  that  the  compound 
body  of  this  instnjmcnt,  when  shut  up,  was  sixteen  inches 
longt  and  as  large  in  circumference  as  a  man's  thigh»  and  that 
the  eye-glass  was  equal  in  oize  to  the  palm  of  the  hand;  its 

•   CheiHiiief  de*  MicroMCojfteM  et  de  leur  tisage,  p*  15, 
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power  waa  increaaed  by  draw  tubes  from  40  to  140  times. 
Tbe  latter,  or  S.  Campani»  of  Bologna,  was  al&o  a  maker  of  tele- 
scopes and  microscopes,  and  a  Biiccessful  rival  of  the  former, 
his  instrument  was  somewhat  similar  to  that  made  by  Divini, 
being  on  the  principle  of  an  inverted  telescope,  Campani's 
lenses  are  said  to  have  been  worked  on 
,  a  turn-tool,  and  not  moulded.  In  1672 
we  find  that  S,  P»  Salvctti  made  micro* 
scopes  in  imitation  of  those  of  Divini 
and  Campani,  but  which  were  found  to 
far  exceed  those  of  the  above-mentioned 
artists  in  their  magnifying  and  defining 
powers;  but  we  arc  not  told  in  what 
points  of  construction  these  instru- 
ments differed  from  those  of  his  prede- 
cessors. 

In  the  year  1673,  the  name  of  the 
immortal  Leeuwenhoek  first  appears 
in  the  Pkihsophical  Transactions  of 
tins  country,  as  a  discoverer  of  nu- 
merous wonders  by  tJd  of  the  micro- 
scope; his  instruments^  which  were  composed  of  single  lenses, 
are  said  to  have  been  greatly  superior  to  all  that  had  been  pre- 
viously made.  According  to  Baker, 
they  were  also  remarkable  for  their 
simplicity,  each  one  consisting  of  a 
single  lens  set  between  two  plates  of 
silver,  perforated  with  a  small  hole, 
with  a  moveable  pin  before  it,  to 
place  the  object  on  and  adjust  it  to 
tlie  eye  of  the  beholder.  *'  It  has 
been  stated  by  many  authors,**  says 
Baker,  (  On  Microscopes^  vol  ii,,)  **  that 
the  magnifiers  used  by  Leeuwenhoek 
were  globules  or  spheres  of  glass,  like 
those  Invented  by  Hooke,  but  such 
is  not  the  case ;  he  assures  us  that  in 
the  cabinet  of  the  twenty-six  micro- 


Fig.  2. 


Fig,  3, 


flcopeS}  left  by  that  famous  man  at  bjs  death  to  tlie  Royal 
Society  as  a  legacy,  each  instniment  has  a  double  convex 
lens,  and  not  a  sphere  or  globule." 

An  account  of  theae  microscopes  was  drawn  up  by  Baker, 
in  1740,  and  published  le  the  Phihsophwal  Transaclwrn  for 
that  year.  Fig.  2  represents  a  front  view  of  the  instrument, 
and  fig.  3  a  back  view,  both  being  of  the  exact  size  of  the 
original :  a  fig.  2  represents  a  flat  plate  of  silver,  which  is  ri- 
vetted  to  fig,  3  by  rivets  b  b  b;  between  these  plates  a  small 
double  convex  lens  is  let  into  a  socket,  and  a  hole  drilled  in 
each  plate  for  the  eye  to  look  through  the  lens  at  c,  fig,  2 ;  a 
limb  of  silver  d  is  fastened  to  the  plate  a  by  a  screw  e^  this 
has  another  piece  of  silver  joined  to  it  at  right  angles^  fig.  3, 
through  tbi^a  long  fine-threaded  screw  g  runs,  which  turns  in 
and  raises  or  lowers  the  stiige  h^  whereon  is  fastened  a  pin  t, 
for  the  object  to  be  atbiched  to,  this  pin  can  be  turned  about 
by  the  little  liandle  h^  and  tlie  stage  itself  is  adjusted  to  or 
from  the  lens  by  the  screw  /,  wliich  passes  through  the  stage 
in  a  horizontiil  position,  and  when  the  screw  is  turned,  the 
stage  is  forced  from  or  brought  nearer  to  the  lens  at  c. 

"  AH  the  parts  of  these  microscopes,"  says  Baker,  "  are  of 
silver,  and  fashioned  by  Mr.  Leeuwenhoek*s  own  liand,  and 
the  glasses,  which  are  excellent,  were  all  groimd  and  set  by 
himself,  each  instrument  being  devoted  to  one  or  two  objects 
only,  and  could  be  applied  to  nothing  else.  This  method 
induced  him  to  make  a  microscope  with  a  glass  adapted  to 
almost  every  object,  till  he  had  got  some  hundreds  of  them. 
The  highest  magnifying  power  was  160  diameters,  and  the 
lowest  40. 

In  the  year  1698,  Philip  Bonnani,  in  his  work  entitled 
Observationes  circa  vivejitiaf  qum  in  Rebus  non  viventibtts  repe^ 
riunturf  describes  a  compound  microscope  in  use  by  him. 
Thifl  microscope,  wliich  is  represented  by  fig.  4,  was  placed 
on  a  stand  in  the  horizontal  position,  and  was  provided 
with  a  stage  for  the  objects;  and,  Tvith  a  coarse  and 
fine  adjustment  to  the  compound  body,  the  former  was 
obtained  by  means  of  a  rack  and  pinion,  which  moved  the 
entire  frame-work,  supporting  the  compound  body,  whilst 
the  latter  was  effected  by  a  screw  in  the  end  of  the  body 
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itself  near  to  the  object  glass ;  and  to  steady  the  opposite  end 
of  the  body,  a  triangular  support  was  provided^  on  wluch  the 
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Fig.  4. 

body  was  readily  turned.  In  onJer  to  make  the  light  of  a 
lampj  or  even  dayhght,  more  efficient,  this  instrument  was 
eupplied  with  a  short  tube,  in  which  were  two  double  convex 
lenses,  as  in  a  magic  Ian  thorn,  which  served  to  condense  the 
light  upon  the  object* 

From  the  time  of  Bonnani  until  the  commencement  of  the 

eighteenth  century,  htUe  was 
done  towards  the  improvement  of 
the  microscope.  During  this  in- 
terval, a  work  entitled  Oculus 
Artifidaiis  Teledioptricus,  &c,,  waa 
published  at  Nuremberg,  in  1702^ 
by  Jean  Zahn,  in  which  were 
contained  numerous  curious  apho- 
risms, and  a  description  of  many 
compoimd  microscopes,  and, 
amongst  otliers,  two  binocular 
ones,  and  al&o  a  figure  of  the 
microscope  of  Francis  Grindelius, 
which  is  represented  by  fig,  5.  It 
will  be  seen  that  tliis  instrument 
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was  \iJ3ed  for  opaque  objects,  and  that  its  opticsl  part  congistcd 
of  six  plantKjonvex  leiisesj  but  of  its  size  we  have  no  record. 

About  tliis  time,  the  end  of  the  17th  century,  Sir  Isaac 
Newton  wvl&  in  the  zenith  of  his  glory  ;  having  discovered,  in 
1672,  tlxe  theorv^  of  light  and  colours,  he  was  led  to  the  ira- 
pTOvemcnt  of  the  telescope,  by  substituting  mirrors  for  lenses, 
and  he  coiumenceB  his  memorable  paper  in  the  Philosophical 
Trtmtactiofis  with  the^e  words  * — "  *V\Tien  I  had  found  tliat 
light  consists  of  rays  differently  refrangible,  I  left  off  my 
glass  works,  for  I  saw  that  the  perfection  of  telescopes  waa 
hitherto  limited  not  so  much  for  want  of  glasses  truly  figured, 
as  becauj^e  that  light  itself  is  a  heterogeneous  mixtiu-e  of  dif- 
ferently refrangible  rays.  Having  constructed  a  telescope  on 
the  reflecting  principle,  Newton  was  soon  led  to  apply  the 
same  principles  to  the  microscope,  and  we  find  that  in  the 
year  1672  he  discovered  the  first  compound  refleeting  micro- 
ficope,  which  has  since  been  so  greatly  improved  by  Aniici, 
Tulley,  Cuthbert,  and  Dn  Goring,  Newton  al&o  suggested 
that  the  compoimd  refmcting  microscope  would  be  greatly 
improved  **  if*  the  object  to  be  viewed  were  illuminated  in  a 
darkened  room  by  light  of  any  convenient  colour  not  too 
much  compounded;"  in  fact,  monochromatic  light 

About  this  period,  16J>6,  we  find  that  Mr.  Stephen  Gray, 
of  the  Charterhouse  ( Philosopkieal  TransactionSy  No.  221, 
p,  280),  suggestis  that  globule  lenses  sliould  be  fonned  of 
email  pieces  of  glass  melted  into  a  globule  on  charcoal  by 
means  of  a  blowpipe ;  bnt  finding  that  he  could  not  always 
succeed,  and  that  on  the  side  on  which  they  rested  on  the 
charcoal  they  were  more  or  less  flattened  or  opaque,  he  was 
led  to  the  construction  of  his  water  microscope,  which  wad 
nothing  more  than  a  drop  of  that  fluid  lifted  up  with  a  pin 
and  deposited  in  a  small  hole  in  a  piece  of  brass.  The  drop 
retained  nearly  a  spherical  form,  and  showed  objects  with 
eome  degree  of  distinctness. 

He  subsequently  contrived  tlie  apparatus  represented  by  fig.6, 
to  be  used  as  a  water  microscope :  a  ^  is  called  the  frame  of  the 
microscope,  and  was  made  of  brass  one-sixteenth  of  an  inch 
thick ;  at  fl  is  a  small  hole  one-thirtieth  of  an  inch  in  diameter, 
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Fig.  6. 


which  contains  the  water,  which  can  be  dropped  into  it  by  a  pin 
or  large  needle,  and  there  forms  a  double  convex  lena  of  water ; 
c  d  e,  is  another  piece  of  braas,  well  ham- 
mered, so  as  to  be  springy,  and  called  the 
object  supporter ;  it  b  attached  to  the  plate 
a  b,   by  the  screw  e;   it  has  a   point  for 
opaque  objects  at  f^  and  a  hole  for  fluids 
at  c,  both  of  which  can  be  brought  oppo- 
site  to   the   lens  «,   and  can  be  made  to 
approach  or  recede  from  the  lens  by  turning 
the  screw  y  in  the  round  plate.     This  screw 
is  attached  to  the  object  supporter  c,  d,  e,  and 
passes  tlirough  it  to  the  plate  a,  b,  against 
which  it  works.   The  supporter,  being  made 
springy,  obeys  readily  the  turns  of  the  screwy?. 
Mr,  Stephen  Gray  was  also  the  inventor  of  a  simple  reflecting 
microscope,  represented  by  fig,  7,     A  represents  a  brass  ring, 
^,  one-thirtieth  of  an  inch  thick,  whose  inner 

diameter  ib  about  two-fiftlis  of  an  inch. 
Having  dissolved  a  globide  of  quicksilver  in 
one  part  nitric  acid  and  ten  parts  water,  he 
rubbed  with  it  the  inner  surface  of  the 
ring,  which  became  silvered  :  ha\'ing  wiped 
it  dry,  he  put  a  drop  of  quicksilver  within 
it,  whicii,  when  pressed  with  the  finger, 
adhered  to  the  ring,  and  formed  a  convex 
spcculmii.  When  the  ring  was  taken  up 
carefully  and  laid  on  the  margin  of  the 
cylinder  B,  the  mercury  sank  down 
and  formed  a  concave  reflecting  speculim[i. 
The   cyhnder  B  is  supported  by  a  pillar, 

Owdiich  is  attached  to  the  foot  1>,  C  C,  F,  G, 
represents  a  stage,  which  is  capable  of  being 
nused  or  depressed  by  the  screw  on  the 
pillar.  Tlie  object  is  placed  on  the  ring  G, 
and  is  adjusted  to  tlie  focus  of  the  speculum 
by  the  abovementioned  screw. 


Pig.  7. 


Tlu»  ingenious  gentleman  also  in  May,  1697,  suggested  the 
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making  of  lenaes  of  water  let  fall  on  pieces  of  plane  glasa, 

j  which  form    themselves  into  planoconvex  lenses :  he  found 

that  they  magnified  greatly,  but  as  the  fluidity  of  tlie  water 

obliged  him  to  keep  the  glass  horizontal,  he  was  led  to  try 

jlass   dissolved  in  hot  water,  whereby  the  drops,  when 

I  cold  j  although  less  transparent  than  the  pure  water,  neverthe- 

lless  allowed  of  these  lenses  being  used  in  any  position,  a  plan 

I  which  many  years  after  was  followed  up  and  greatly  improved 

[by  Sir  David  Brewster^  who  used  minute  drops  of  varnish  or 

lOtJier   viscid   fluids  placed  on  tlie  thin  pieces  of  flat  glass, 

[When  the  lens  so  fonned  was  required  to  be  very  convex,  the 

I^Aflfl  was  held  so  that  the  drop  was  downward;  but  when 

leiS  convex,   then   the  drop  was  allowed  to  dry  witli   the 

plate  of  glass  downwards. 

In  the  year  1702,  we  find  in  the  Philosophical  Transactions 
a  description  of  the  pocket  microscope  of  Mr.  J,  Wilson, 
who,  following  the  opinion  of  Hooke,  that  single  magmf^^ng 
glasses,  when  they  can  be  used,  are  preferable  to  microscopes 

composed  of  two  or  more 
magnifying  glasses,  was  led  to 
the  construction  of  this  in- 
strument, which,  from  its  fre- 
quent mention  by  Baker  and 
other  authors,  appears  'to 
have  had  a  far-famed  cele- 
brity, and,  indeed,  many 
specimens  of  it  are  stiU  to 
be  met  with  j  one  of  the  ear- 
liest forms  of  this  instnmicnt 
is  represented  by  fig.  S.  The 
body  A  A  A  A,  which  was 
made  either  of  ivory,  brass,  or 
silver,  was  of  a  cylindrical 
figure,  and  about  two  inches 
in  length,  and  one  inch  in 
diameter;  into  the  lower  end 
the  magnifiers  arc  screwed, 
whilet   into   the   upper    screwt*,  a  piece  of  tube  D,   having 


=^— ^ 


19 


PRACTICAL  TREATISE  ON 


at  the  end  C  a  convex  glass,  and  on  ltd  outside  a  male 
screw.  Three  thin  plates  of  brass  E  ai^  made  to  slide  easily 
in  the  inside  of  the  body  to  fonn  the  stage,  one  of  these  plates 
F  18  bent  scmi-circularly  in  tlie  middle,  for  the  reception  of 
a  tube  of  glam^  for  viewing  the  circulation  of  the  blood  in 
email  fish,  whikt  the  other  two  are  flat,  and  between  these 
last  all  the  object  sliders  are  introduced ;  between  the  stage 
and  that  end  of  the  body  into  which  the  magnifier  screws  is 
a  bent  spring  of  wire  H,  which  answers  the  purposes  of 
keeping  the  objects  firmly  between  the  plates  of  the  stage, 
and  also  of  pressing  the  stage  firmly  against  the  screw-tube. 
The  magnifiers  supplied  w^Jth  this  microscope  w^ere  eight  in 
Dumber,  and  the  objects  were  adjusted  to  the  focus  of  them 
by  the  screw-tube  D,  for  wliich  purpose  the  screw  was  made 
of  nearly  the  same  length  as  the  body,  Tliis  instrument 
was  held  in  the  hand  in  such  a  position  that  the  direct  light 
from  a  candle  or  lamp  may  pass  directly  into  the  condensing 
^aas;    and    it    was    subsequently     much     improved    upon 

by  the  addition  of  a  spiral 
springs  instead  of  the  curved 
one,  and  by  a  liandle  which 
screwed  into  the  body  at 
right  angles  to  its  length, 
and  served  the  purpose  of 
keeping  the  body  in  the 
horizontal  j>o«ition, 

Mr.  Wilson  was  also  the 
Inventor  of  a  microscope  for 
opaque  objects*  represented 
by  fig.  9,  whicli  consisted  of 
a  thin  piece  of  flat  brass  B 
about  six  inches  long  and 
half-an-inch  wide,  one  end 
of  which  served  as  a  handle^ 
and  to  the  other  A  the  mag- 
nifier was  screwed ;  con- 
^%'^*  nected    with  the   middle  of 

this  piece   of   bi^ass   by   a    hinge    was   a   jointed   arm  PP, 


! 

I 
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wliicli  earned  at  its  free  extremity  a  sliding  wire  G,  to  one 
end  of  which  was  attached  a  pair  of  forceps  I  T,  and  to 
the  other  a  Bniall  disc  of  ivory  H,  blackened  on  one  aide 
and  white  on  the  other;  the  arm  was  capable  of  being 
.adjusted  to  or  from  the  lens  by  means  of  a  screw  C,  having 
a  nut  with  a  milled  head  D,  the  spring  E  served  to  keep  the 
lens  holder  A  B  in  contact  with  the  nut ;  this  form  of  in- 
,  Btrument  is  in  use  at  the  present  day,  and  a  modification  of 
it  was  adopted  by  the  celebrated  Lieberkuhn  about  forty 
years  afterwards* 

The  wonderful  discoveries  made  by  Leeuwenhoek  by  the 
I  single  microscope  gave  to  this  kind  of  instrument  an  universal 
[reputation,   and   we   find,    accordingly,   that   the   compound 

form  was  laid  aside 
for  a  time,  and  the 
pocket  microscope 
of  Mr.  Wilson  was 
in  great  demand. 
Upwards  of  thirty 
years  were  suffered 
to  elapse  before  we 
again  find  (in  this 
country,  at  least) 
any  step  towards 
the  improvement 
of  this  instrument; 
but  the  compound 
microscope,  then  in 
use, was  the  contri- 
vance of  Mr,  John 
Marshall,  and, 
from  its  unwieldy 
nature,  was  very 
little  employed.  It 
'  was,  however,  the 

first   of   the  com- 
pound kind  wliich 
was  made   for  sale  in  this  country,  and  is   represented  by 
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fig.  ID.  It  conaista  of  an  octagonal  base  of  wood  z,  which 
Bupporta  a  square  pillar  of  brass  Ik,  having  a  ball  and 
socket  joint  at  m.  On  the  pillar  ik  an  arm  rf,  carrying 
the  compound  bo<ly  aV,  is  made  to  ehde  up  and  down, 
and  above  it  another  smaller  arm  ^,  which  has  a  screw 
for  tighteniDg  it^  at  h  ;  f  is  a  long  screw  which  is  attached 
to  the  ami  d  wliich  carries  the  compound  body,  and  when 
the  arm  g  is  fixed  by  the  screw  A,  the  nut  i  vsrill  raise  or 
depress  the  compound  body ;  p  is  the  stage,  which  is  fixed 
to  the  pillar  by  the  arm  n  n  and  the  nut  o  ;  and  a  fish  is  hud 
on  the  stage  for  examination;  r  is  a  convex  lens,  for  con- 
centrating on  the  stage  the  rays  of  hght  from  the  candle  $, 
which  was  placed  on  a  stool,  or  on  the  groimd,  whilst  the 
microaoope  stood  on  the  edge  of  a  table;  v  is  termed  a 
leaden  coffin,  for  putting  over  the  fish  to  keep  it  from  mo^ang. 
The  optical  part  of  this  microscope  consisted  of  two  convex 
lenses,  forming  the  eye-piece  in  the  compound  body,  and  of 
six  magnifiei-s,  which  could  be  screwed  on  to  the  tube  c* 
The  pillar  ik  was  marked  with  the  niunbcrs  1,  2,  3,  &c.,  to 
show  the  respective  distances  of  the  magnifiers  from  the 
object.  There  was  no  mirror  to  this  microscope,  but  direct 
light  could  be  used  when  the  body,  by  means  of  the  ball  and 
socket-joint,  was  turned  horizontally.  A  drawer  t  in  the 
stand  z  served  to  contain  the  magnifiers  and  other  appa- 
ratus. This  insti*ument  was  subsequently  much  improved 
upon  by  Mr.  Cidpeper  and  Mr.  Scarlet,  and  will  be  pre- 
sently described. 

In  1738,  a  new  aera  in  microscopic  science  presented  itself 
in  the  discovery,  by  Lieberkuhn,*  of  the  solar  microscope, 
and  of  a  concave  silver  speculmn  for  viewing  opaque  objects* 
which  still  bears  his  name,  both  of  which  instruments  were 
subsequently  greatly  improved  upon  by  our  coimtrvTuan, 
Mr.  Cuif.  The  solai*  microscope,  as  invented  by  Lieberkuhn, 
coidd  not  be  employed  unless  the  sun's  rays  fell  directly  upon 
a  condensing  lens,  therefore  its  use  was  hmited  to  a  short 
portion  of  the  day.  CuflF,  however,  applied  a  moveable 
mirror  to  it,  and  made  It  more  available  for  general  use. 
*  Dr.  Nathan rel  Lieberkuhn  of  Berlin. 
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Lie  berk  iihii    himself   exliibited    his    microscopes 
Fellows  of  the  Royal  Society  of  London  in  1739, 

The  solar  microscope,  as  improved  by  Mr.  Cuff,  for  a 
length  of  time  created  great  wonder  and  astonishment;  it 
was  principally  nsed  for  the  exhibition  of  animalcules,  and 
the  circulation  of  the  blood  in  the  newt,  frog  or  eel ;  and  was 
also  recommended  for  getting  the  exact  figure  of  objects  on  a 
large  scale,  the  image  being  received  upon  a  screen  of  paper^ 
on  which  the  outline  was  traced  either  with  a  pen  or  pencil ; 
when  the  paper  was  sufficiently  thin,  the  artist,  standing* 
bcliind  the  screen,  was  enabled  to  draw  the  ims^e  much 
better  than  when  standing  in  front  of  it,  and  with  this  great 
advantage,  that  the  shadow  of  the  hand  did  not  interfere 
with,  or  obstruct,  any  portion  of  the  light. 

But  by  far  the  most  ueefid  of  Lieberkuhn's  microscopes 
was  the  one  for  viewing  opaque  objects,  by  means  of  which 
he  made  &<o  many  important  discoveries  in 
the  minute  structure  of  the  mucous  mem- 
brane of  the  alimentary  canal,  as  to  im- 
mortalize his  name.  The  most  simple 
form  of  this  instrument  is  represented  by 
fig.  11;  it  is  not  unlike  the  pocket  instru- 
ment of  Wilson,  represented  by  fig.  9, 
and,  like  it,  was  held  in  the  hand  by  the 
handle  p ;  a  is  sl  flat  piece  of  brass  at- 
tached to  the  handle  /?,  it  supports  the 
lens  holder  i,  and  through  it  passes  the 
screw  b,  which  is  connected  to  the  back- 
plate  c ;  a  spring  e  keeps  the  plates  a,  c, 
apart,  and  the  nut  d  adjusts  the  lens  to 
the  focus  of  the  object,  either  on  ^  or  L 
But  the  chief  point  of  merit  in  its  con- 
struction consists  in  a  concave  specidum 
of  silver  k  highly  poUshed,  to  the  centre 
of  wliich  the  magnifying  glass  /  is  adapted ; 
this  being  screwed  into  the  ring  i,  and 
the  object  being  fixed  upon  the  point  ^,  or 
Fig.  I L  held  in  the  forceps  A,  the   instrument  la 
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placed  in  such  a  position,  that  the  light  from  the  sun,  or  bright 

oloud,  being  received  upon  the  speeidum,  the  rajs  are  con- 
centrated upon  it,  and  it  becomes  briglitly  illuminated, 
and  IB  adjusted  to  the  focus  of  the  lens  by  ttiming  the 
nut  d ;  all  loss  of  time  in  the  ecrew  being  prevented  by  the 
spring  €,     The   Lieberkuhn,  is  that  part  of  the  in^rument 

which  is  the  most  important,  and  is 

in  general  use  even  in  the  present 
day,  Lieberkiihn  was  also  celebrated 
for  his  beautiftil  injections  of  the 
minute  tissues  and  organs  of  verte- 
brate animals ;  many  specimens  of 
wliich  are  still  extant. 

In  the  museum  of  the  Royal  Collie 
of  Surgeons   of  England  there  is  a 
small   cabinet  of  two   drnwers,   con- 
^  taining  twelve 

of  these  valua- 
ble relic*,  each 
injection  being 
pro\ided  with^ 
a  separate  mi- 
croscope, of  the 
form  shown  by 
fig,  12,  A,B 
representa  a 
about  an  inch 


Fig.  13, 


Pig,  12, 


piece  of  brass  tube, 
long,  and  an  inch  in  diameter,  which 
ifi  pro^lded  with  a  cap  at  each  extre* 
mity,  the  one  at  A  carries  a  small 
double  convex  lens  of  half  an  inch  in 
focal  length,  whilst  the  one  at  B  car- 
ries a  condensing  lens  three-quarters 
of  an  inch  in  diameter, 

A  vertical  section  of  one  of  these 
instniments  is  seen  at  fig.  13,  A  re- 
presents the  magnifier,  which  is 
lodged  in  a  cavity,  formed  partly  by 
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tlie  cap  A  and  by  the  silver  cup  or  si>ecuhini  /.  In 
firoDt  of  the  iens  is  the  speculum  /,  which  is  a  quarter 
of  an  inch  thick  at  its  edge,  and  whose  focus  is  about 
half  an  inchj  and  in  front  of  this  there  is  a  diac  of  metal  c 
threc-K?.ighths  in  diameter,  wliich  i«  connected  by  a  wire 
with  tlie  small  knob  I);  upon  this  disc  the  injected  portion 
18  fjistened,  and  is  covered  over  with  some  kind  of  varnish 
which  hua  dried  of  a  hemisphcrieiil  figure.  Between  tliis 
knob  and  the  inside  and  outride  of  the  tuljc  there  are  two 
slips  of  rliin  brasd^  which  act  aa  springs  to  keep  the  wire 
and  disc  steady.  WHien  the  knob  is  moved,  the  inji^cted 
object  is  carried  to  or  from  the  lens,  so  a.«i  to  be  in  it.s  f(w*us, 
and  to  be  seen  distinctly,  wliilst  the  condensing  lens  B  serves 
to  coneentmte  the  light  on  tlie  japeeuhim.  To  t!ie  lower  part 
of  the  tube  a  handle  of  ebony,  about  three  inches  in  length,  is 

lattached  by  a  brass  fennile  and  two  screws.     The  use  of  tliis 

linstnunent  is  obvious;  it  U  held  in  the  hand  in  such  a 
position,  that  the  rnys  of  light,  from  a  lamp  or  white  cloud, 

1  may  fall  on  the  condenser  B,  and  are  by  it  concentrated  on 
the  spccidimi  /,  which  again  fiirther  condenses  them  on  tlie 
object  on  the  disc  C,  which  object,  when  so  illuminated,  can 

iTeadily  be  afljustcd  by  the  little  knob  D,  so  as  to  be  in 
the  focu^  of  the  small  magnifier  at  A. 

The  injected  preparations  in  these  twehe  microscopes,  now 
nearly  a  century  old,  arc  remarkably  beautiful,  and  the  only 
injury  which  they  have  sustained^  is  that  of  the  varnish,  which, 
from  age,  has  cracked  in  some  places.  Lieberkidiu's  principal 
researches  were  confined  to  the  mintyie  structure  of  the  mucous 
membi-ane  of  the  alimentary  canal;  and  for  the  investigafion 
of  these  opaque  parts,  he  is  said  to  have  invented  the  silver 
epecuhmi  which  bears  his  name,  although,  from  a  descri|>- 
tion  and  figure  in  the  works  of  Leeuwenhoek,*  one  would  be 
inclined  to  supfK>se  that  that  illustrious  man  was  cognizant  of 
its  principles  and  use. 

The  microscojie  which  Lieberkuhn  used  for  the  examina- 
tion of  the  mucous  membmnes,  and  the  circulation  of  the 
blood  and  chyle  in  the  mesentery  of  small  animals,  is  repre-* 
•  VoL  ii.  p.  280,  Workf  by  llrwle. 
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dented  by  fig».  14  and  15,  and  will  be  found  to  be  accurately 
described  in  a  work  entitled,  Dmertationes  quahior  JohamUs 

N>  Lieberkuhn,  col- 
lected and  revised  by- 
John  Sheldon,  sur- 
geon, 1782.  It  con- 
sijst^  of  a  plate  of  cop- 
per or  brass,  about 
one-eighth  of  an  inch 
thick,  and  twelve 
inches  long  by  eight 
broad,  and  fashioned 
into  the  shape  repre- 
sented by  the  figures* 
It  ia  supported,  in  a 
vertical  position,  on 
a  tripod  stand,  the 
buck  of  the  instru- 
ment 18  represented 
by  fig.  14,  and  the 
front  by  15,  At  each 
corner  there  is  a 
small  sliding  wire 
Fig.  14,  H  H,  with  a  hook  at 

one  end,  and  opposite  to  the  tlirec  holes  in  the  plate  marked 
A  B  and  C  are  four  snmller  hooks  /*  A,  the  former  are  for  the 
purpose  of  fixing  into  the  legs  of  any  small  animal,  the  cir- 
culation in  whose  mesentery,  eitlier  of  the  blood  or  of  the 
chyle,  is  about  to  be  examined ;  and  the  latter,  or  the  small 
hooka,  are  used  for  bringing  successive  portions  of  the 
mesentery  opposite  tiie  holes. 

The  part  of  tlie  microscope  which  carries  the  magnifying 
powers  is  attached  to  the  plate  by  pegs;  it  consists  of  a  thin 
plate  of  brass  1,  fig,  L'i,  to  which  plate  is  attached  another 
one  2  by  a  rivet  3,  this  last  plate  is  a  little  curved,  and 
is  also  made  elastic ;  in  its  centre  is  a  screw  4,  and  at  its  free 
end  is  a  hole  5,  into  which  the  magnifier  screws ;  a  section  of 
thia  part  of  the  microscope  ia  seen  in  fig.  16,  where  A  re- 
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presents  the  connection  of  the  two  plates  by  a  rivet,  and  B 

the  bend  in  the  top  or  lens  holder,  C  the  screw  for  adjust- 
ment,  and  D  the  hole  into  which  tlio  lens  E  screws.     The 


Fig*  15. 


Fig.  16, 


animal  being  properly  secured  by  tlie  large  hooks,  and  tlie 
portion  of  it  to  be  exiunined  being  brought  before  the  hole  B 
by  the  email  hooks,  the  instrument  is  so  placed,  that  the  light 
from  a  window  or  lump  may  pass  through  the  hole,  the  arm 
provided  with  the  lens  being  brought  opposite  the  hole, 
and  over  the  piece  of  brass  1  the  lens  can  be  adjusted  to  or 
from  the  object  by  the  screw  4,  and  the  plate  being  curved 
and  elastic,  will  always  obey  the  turns  of  tJie  screw.  This 
form  of  instrument  waa  not  constructed  for  sale  in  this 
countr}%  as  far  as  I  can  leam^  and  was  never  improved  upon 
hke  the  solar,  or  the  microscope  for  opaque  objects.  It,  no 
doubt,  was  entirely  Biiperseded  by  others  more  generally 
2' 
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useful;  and  at  this  time,  1740,  we  find  many  makers  of 
eminence  residing  in  th]!^  metropolis,  amongst  whom,  the 
names  of  Cuff,  Benjamiu  Marti  115  Adams,  and  Marshall  re- 
quire especial  notice, 

Mr.  Cliff  has  already  been  noticed  as  the  improver  of  the 
solar  microscope  and  of  tliat  for  opaque  objects,  both  of  wluch 
were  of  Licberkiihn's  invention,  and  we  find  that  in  the  year 
1747  he  improved  for  Martin  Folkes  the  pocket  microecope  of 
Wilson,  by  fixing  it  to  a  stand,  and  by  adding  a  mirror  to  it; 

he  subsequently  improved  the 
stand  by  mounting  the  lena  on  a 
moveable  arm,  and  making  the 
stage  to  slide  up  and  down  on  a 
square  stem;  the  instnuoent  in 
this  ira proved  form  was  n^ed  by 
Kllis  in  his  examinations  of  coral- 
lines, and  a  figure  and  descripdon 
of  the  same  is  given  in  his  work 
on  Zoophytes,  published  in  1756* 
The  cumbrous  compound  instru- 
ment of  Mr,  Marshall  was,  in 
1750,  improved  by  Mn  Culpcper 
and  Mr.  Scarlet:  they  first  em- 
ployed a  concave  mirror  for  re- 
flecting the  light  through  the 
object  and  the  compound  body. 
Their  instrument  is  represented 
di  by   fig.  17,   it    was  composed  of 

two  tubes  ab^  either  of  wood  or 
paper,  sliding  one  within  the  other; 
to  the  tube  a  were  attached  the 
pillars  cdjcd,  which  rose  from  the 
base  ff  and  supported  the  round 
stage  j7,  in  which  was  a  large 
cucular  hole  for  a  spring  object 
holder  to  be  fixed,  and  some 
smaller  holes  for  the  reception  of 
To  the  inner 


Fig.  IT. 
the  fbroepfli  small  condensing  lens  and  fish-pan. 
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tube  ^  all  the  optical  apparatus  was  adapted,  the  inagnifiers, 
which  were  from  four  to  six  in  number,  being  screwed  to  the 
end  of  the  smaO  tube  /,  and  the  eye-piece^  which  consisted  of 
two  convex  lenses,  lx?ing  fitted  into  the  wooden  top  of  the 
compoiuid  body  b.  A  concave  mirror  A  was  used  for  reflecting 
the  lighti  and  a  drawer  f  m  the  base  e  served  to  contain  all 
the  niagntfiers  and  other  parts  of  the  apparatus.  The  only 
adjxistraent  for  focus  with  M'hich  tins  microscope  was  pro- 
\ided,  ^vaa  that  accomplished  by  eliding  the  tube  h  up  and 
down  in  the  outer  tube  a,  the  tube  h  being  marked  with  lines 
at  A,  to  denote  the  distances  tlirough  wliich  the  tube  should 
be  moved  for  the  different  magnifying  powers.  Tliis  instru- 
ment was  snbsequently  nnich  improved  in  nhiipe,  and  was 
made  either  of  brass  or  silver,  and  a  rack  and  pinion  were 
used  for  the  adjustment.  It  was  in  great  demand  at  one 
time,  and,  with  its  pyramidal  case  and  drawer  with  apparatus, 
may  even  now  be  frequently  seen  for  sale  in  pawnbroker's 
shops.  This  microscojjc  was  styled  the  doul>h*  reflecting  one, 
and  was  the  first  instrument  to  which  the  concave  mirror  was 
applied  for  illuminating  transparent  objects,  the  mode  of 
mounting  which  is  similar  to  that  now  adopted. 

In  the  yeai- 1744,  wc  arc  told  by  Baker,* — "  That  the  micro- 
80<^)esof  Hooke  and  Marshall  having  been  reduced  to  a  manage- 
able size,  improved  in  their  stnictm'c,  and  snpplied  with  an  easy 
way  of  enlightening  objects  by  a  specnhua  underneath,  and, 
in  many  other  respects,  rendered  agreeable  to  the  curious,  by 
Mr.  Culpepcr  and  Mr.  Scarlet.  Sonic  l\irther  alterations  were, 
however,  wanted  to  make  this  instriunent  of  more  general 
use,  as  I  ftdly  experienced  in  1 743,  when  examining  daily  the 
coufignrations  of  saline  substances,  the  legs  were  continual 
impediments  to  my  turning  about  the  slips  of  glass,  besides 
pulling  the  body  of  the  instrument  up  and  down,  was  likewise 
subject  to  jerks,  which  canscd  a  diilicnlty  in  fixing  it  exactly 
at  the  fo<*us:  there  was  also  no  good  cvt>ntrivanco  for  vicwinsj 
Opaque  objects.  Complaining  of  the«e  inconveniences,  Mr. 
Cuffi  the  optician,  a]iplied  his  thoughts  to  fashion  a  micros- 
cope in  anotlier  manner,  leaving  tlje  stage  entirely  free  and 
*  Vol.  ii.,  Emphyment  for  th^  Microscope^  p.  422. 
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open  by  taking  away  the  legts,  applying  a  fine  threaded  screw 
to  regulate  and  adjust   its  motions,  and  adding  a  concave 
Bpeculuiri  for  objects  that  are  opaque,"     This  microscope  wa«i 
made  entirely  of  bmss,  and  was  fastened  to  the  top  of  a  box^-J 
by  a  scroll  or  bracket^  from  which  ro^se  two  flattened  pillars, 
one  of  which,  carrying  a  horizontal  ann,  was  made  to  elide  up- 
and  down  aguinet  the  otber^  this  arm  carried  the  compound  ^ 
body,  the  coarse  adjustment  of  the  body  was  efiected  by  this 
movement,  but  the  fine  by  a  screw  tTvo   inches  in  length, 
which  was  fixed  to  the  back  of  one  of  the  pillars,  and  whea 
its  nut  was  secured  by  a  screw,  which  clamped  the  eUding 
pillar,    then    the    bmiy    could    be    moved    slow^ly   up    and 
down*     The  stage,  w^hieh  w^as  somew^hat  of  the  shape  of  a ' 
cross,  had  several  holes  in  it,  for  the  reception  of  the  con- 
densing lens,  forceps,  and  fish-pan.     The  lower  part  of  the  , 
comfRiuud  body  was  cylindrical  for  the  space  of  tw^o  or  more 
inches,  and  marked  with  numbers  corresponding  to  thoee  of 
the  lenses;  upon  tbitji  a  Lieberkubn,  with  a  long  tube^  v 
made  to  slide,  and  when  set  to  the  figures  tliere  marked,  aal 
object  placed  on  the  stige  would  be  in  the  focus  of  the  specu- 
lum.    In  the  year  1747,  Mr.  Cuff  invented  a  micrometer  for 
this  instnmicnt,  it  was  made  of  a  lattice  of  fine  silver  w^ires^ 
distant  fxom  each  other  one-fiftietli  part  of  an  inch,  intersecting- 1 
at  right  angles,  and  so  placed  in  the  focus  of  the  eye-glass  a» 
to  divide  the  whole  visible  area  of*  the  microscope  into  squares^ 
whose  sittes  are  each  one-fiftieth  of  an  inch.     The  microscope  of 
Benjamin  Martin,  described   in  a  work  p\iblished  at  Reading  i 
in  1746,  was  of  the  compound  form,  and  adapted  for  being 
carried  in  the  jiocket;  it  was  of  a  cylindrical  slaipe,  like  the 
body  of  Cnlpcper's,  autl,  like  it,  the  adjustment  w^as  made  by 
ah(hng  one  tube  witliin  the  otlier,  the  mirror  was  placed  in 
the  bottom  of  the  tube  in  an  inclined  position*  and  was  not 
capable  of  being  moved.     It  was  also  supplied  with  a  screw 
micrnmeter   of  a   peculiar   construction,  which   bad,   on  the 
outside  of  tlic  body,  a  dia!-|>latc  and  hand  rcsemliling  the  hcQ  • 
of  a  watck     To  this  ingenious  optician  we  are  indebted  for 
the  invention  of  the  hand  magnifier,  with  one  or  more  lenses, 
wliich  has  undergone  little  or  no  change  since  his  time.     We 
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are  told  that  Benjamin  Martin  greatly  improved  the  micro- 
Bcope  of  Cuff  before  deseribed,  by  tlie  addition  of  a  joint,  so 
that  the  compound  body  might  be  inclined  to  any  angle,  and 
also  by  the  setting  of  all  the  lenses  in  a  circular  disc  of  brass, 
which  was  capable  of  being  revolved  in  such  a  manner,  that 
each  lens  in  succession  might  be  brought  xmder  tlie  com- 
pound body;  this  did  away  with  the  necessity  of  screwing 
and  unscrewing  when  the  powei'fi  were  required  to  be 
changed.  The  compound  body  could  be  removed  from  the 
lenses^  and  the  lenses  themselves  then  constituted  it  a  single 
microscope,  the  ann  which  ^supported  them  was  capable  of 
being  moved  backwards  and  forwai*ds  by  means  of  a  rack  and 
pinion,  a  plan  now  in  use. 

About  this  time,  1740,  there  lived  in  tMs  metropolis  a  phi- 
losophical instrxmient  maker  of  some  eminenccj  named  George 
Adams,  who  [mblished,  in  1746,  a  quarto  work,  entitled 
Micrograph ia  liluatrafa  /  or^  the  Knoitledffe  of  the  Microscope 
Erplmned,  In  this  work  were  contained  a  description  of  the 
nature,  uj^es,  and  magnifying  [>owers  of  microscopes  ingenei-al, 
together  with  full  directions  how  to  prepare,  applyj  and  ex- 
amine, as  well  as  preserve,  all  sorts  of  minute  objects.  Tliis 
work  was  the  first  of  the  kind  pnblislied  in  this  country,  and 
contributed  not  a  little  to  the  advancement  of  microscopic 
science.  The  microscopes  made  by  Adams,  were  of  two 
kinds,  the  single  and  the  compound ;  their  chief  peculiarity 
consisted  in  the  arrangement  of  the  lenses,  which  were  six  in 
number,  and  were  all  set  in  a  large  plate  of  brasi?,  capable  of 
being  turned  upon  the  cent  nil  i>illar  of  the  instrmnent,  and 
each  lens  in  succession  coidd  be  brought  underneath  a  hollowed 
plate  or  cup,  which  served  as  an  eye-piece.  For  the  coarse 
adjustment  the  plate  was  made  to  slide  up  and  down  the  pillar, 
whilst  for  the  fine  a  screw  was  used,  which  slowly  raised  or 
depressed  that  [>ortion  of  tlie  pillar  to  which   the  stage  was 

[        attached.     Besides  these  microscopes  of  liis  own  invention,  we 
find  that  he  was  in  the  Irnbit  of  making  those  of  \Vilson, 

I        Lieberkuhn,  ami  Culpeper,  all  of  which  are  fully  described  in 

I        the  work  above-named, 

I  We  now   approach  a  period,  fertile  both  in   the  improve- 
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omtB  of  the  iiiicroecope,  and  in  discoveries  made  by  it 
H|:ifency ;  we  liave  amongst  the  fonner,  the  results  of  the  laboiire 
of  Atlaiiif,  Martin,  linker,  and  DeUebarre ;  and  amongst  the 
htti^r,  the  worka  of  Trembler,  Ellis,  Baker,  Adams,  HiU, 
Swiirrimenliiuj,  Lyonet,  Needlmm,  and  Witherinf^.  Every 
o|>lidiui,  Kiiy^  Adaiiw,*  now  exercised  liis  talents  in  improving  ^ 
(an  he  ealh^l  it)  the  microscope;  in  other  words,  in  varyii^ 
iti«  c'(»n>*tru('ii<»ii,  and  rendering  it  thffe rent  from  that  gold  by 
Im  uvi^Ulnntv,  Thi^  principal  object  seemed  to  be  only  to 
Hnhdivich)  it  iiud  nirikc  it  lie  in  as  email  a  compass  aspoamble, 
by  wbit'b  nicuim  ilicy  not  only  rendered  it  complex  and 
tr4>nljli'M4)nic  to  manage,  but  loet  sight  also  of  the  extensive 
field,  great  light,  and  other  excellent  properties  of  the  more 
ani'i^Ttt  inMirntijiMifri.  In  1770,  Dr.  Hill  publishetl  a  treatise 
on  the  CiinKtrnction  of  Timber,  explained  by  the  microscope, 
which  (ii^inteil  out  the  nature  uiid  office  of  its  several  parts,  and 
tills  way  of  judging  from  the  structure  the  ii^'S  to  which  they 
can  l>e  beiit  apphetL  This  work  created  a  gi^at  sensation 
at  the  time,  and  revived  the  ardonr  for  microscopic  pursnits. 
AdiiniH  ni  thin  lime  Invented  a  raaebine  for  cutting  transTersoJ 
esi!L'ti(iiM  of  wood  ho  thin,  that  they  might  readily  be  examined  1 
by  tlic  mir'towope.  This  instrument  w^as  subsequently  im-' 
provrd  cm  by  Mr.  t'mnming,  and  with  it  such  beautiful  sections 
were  made  by  Mi\  (.'uatance,  that  they  stand  unrivalled  even 
at  the  prcpM^nt  day.  In  1771,  a  new  edition  of  the  Micr€H 
tfrtiphm  ilbixtrata  t\\*  Adams  nppeared,  in  wliich  he  described 
a  Jncernai  microhCiii>e  of  his  own  invention  ;  this  w^as  sub- 
•cqurntly  ini|»roved  by  his  son,  George  Adams,  in  1774,  and  I 
wiia  nuide  eupubh*  of  exhibiting  opaque  as  well  as  tmnsparent 
objects.  The  wilar  micrortooiK%  too,  at  tliia  time  had  been 
greatly  imiirfived  by  Henjamin  Martin,  and  wsis  made  capable' 
of  lihowlng  on  a  screen  a  magnified  image  of  the  surfacee  of 
o\m{\m  objectB, 

In   17H7  the  Mwrmcopical  Essays  of  the  younger  Adamn^ 

were  publirtlu'd,  in  which  were  described  aU  the  instnunenta 

at  tluit  time  in  use.     Of  the  single  form,  we  have  WiJd*>n  s, 

iliuwuat  fig.  8;   those  of  Ellis,  and  Lyonet;  also  that  of  Dr, 

•  Micra«rapicai  £4ia^4,  p,  }  D. 
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Withering,  represented  by  fig.  18,  which  even  now  U 
maniifactxu"ed  for  eiile;  it  coDBista  of 
three  brass  phitea  a  if  c^  jmnillel  with 
each  otlier,  to  the  upper  and  lower 
of  which  three  etoiit  wires  fi  ^  f 
are  rivctted;  the  middle  plate  b^  which 
forms  the  stage,  is  made  to  slide  up 
and  down  on  these  three  >vire9.  The 
upper  plate  a  carries  the  lenses  /,  the 
lower  one  e  the  mirror.  Into  the  stage 
a  dissecting  knife  k,  a  i>oioted  instru- 
ment ff  and  a  pair  of  forceps  f/,  are 
made  to  fit,  and  can  be  readily  taken 
out  for  use  by  sliding  the  stage  down 
nearly  to  the  mirror;  this  instnnnent  was  recommended  by 
Dr.  A\  ithering,  and  was  first  desenbed  in  his  botanical 
Arrangements^  its  chief  merit  being  its  Bimplicity. 

The  com|>ound  microscopes  described  by  Adams,  are  merely 
I  modifications  of  that  of  liis  father,  of  Cidpepcr,  of  CufF^  and 
of  Benjandn  Martin,  The  first,  or  that  of  the  elder  Adams, 
[was  improve<l  by  the  addition  of  a  rack  and  pinion  movement, 
'knd  by  bavin|j;  all  the  teui^es  set  in  a  brass  slider,  so  that  they 
may  be  placed  one  after  the  other  under  the  compound  body^ 
The  second,  or  that  of  Culj^K^per,  was  made  of  bniss,  and  was 
improved  in  its^  optical  part.  Cuff's  comi>ound  instrument 
was  much  the  same  as  that  described  at  page  22;  w^hilst  tliat 
of  Benjamin  Martin  was  improved  by  Adams  himself,  and 
was  made  capable  of  receiving  a  single  lens  as  well  as  a  com* 
pound  body,  and  was  furnished  with  a  cradle  joint,  by  which 
the  corapoimrl  bmly  could  be  inclined  at  any  angle;  the  miri^or 
was  double,  both  plane  and  concave ;  the  legs,  for  convenience 
af  |>ackage,  were  made  to  elide  one  wdthin  the  othen  With 
tlie  work  of  Adams,  in  1787,  we  may  cIobc  our  hietury  of  the 
wnglc  and  compound  microscopes  iu  their  unachromatised 
lutate,  the  discoveries  at  this  time  w^re  few  and  comparatively 
unimportant,  and  little  or  nothing  more  was  exhibited  by  them 
than  the  objects  contained  in  the  ivory  sliders,  with  which  all  the 
above  described  microscopes  were  supplied ;  and  he  who  coidd 
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exliibit  these  objects  well,  was  considered  a  proficient  in  the 
art*  These  instniments,  as  described  by  Adams?,  without  any 
material  altemtion  in  the  optical  part,  continued  in  use  up  to 
the  time  of  the  invention  of  ttie  achromatic  form,  in  1824, 
when  a  new  and  most  important  £eni  in  microscopic  science 
coomicnced  with  the  improvement  by  Dr,  Goring  and  Mr. 
Cuthbert  in  the  reflecting  microscope,  discovered  by  Amici 
in  1815,  and  with  the  manufacture  of  lenses  of  the  precious 
stoncB  by  Sir  Daiid  Brewster,  Dr*  Goring,  and  Mr, 
Pritchard-  At  this  period  it  will  be  necessary  to  divide  our 
history  into  two  parts.  The  first  to  include  the  improve- 
ments made  in  the  single,  and  the  second  those  in  the  com- 
pound microscope.  In  consequence  of  the  great  loss  of  light, 
and  the  presence  of  the  prismatic  halo  which  enveloped  every 
object  seen  through  the  uncorrected  compound  microscope, 
the  single  niicrosn^ope  was  genendly  used  by  all  Bcientifio 
investigators;  but  when  high  powers  were  wantefl,  the  glas8 
of  which  they  were  made  being  of  such  low  refractive  power, 
it  became  necessary  to  use  lenses  of  very  short  foci,  which 
were  of  very  small  diameters,  and  aUowed  only  a  small 
amount  of  light  to  enter  the  eye;  to  remedy  these  incon- 
veniences, Sir  David  Bixnvster  first  suggested  the  value  of 
using  other  materials  of  a  more  lughly  refracting  nature  for 
the  construction  of  lenses;  and  he  remarked,*  "  that  no 
essential  improvement  could  be  expected  in  the  single 
raicroscope^  unless  from  the  discover)^  of  some  transparent 
subfitance,  which,  like  the  diamond,  combines  a  high  re- 
fractive with  a  low  dispersive  power.  Having  experienced 
the  greatest  diificulty  in  getting  a  small  diamond  cut  into 
a  prism  in  London,  ho  did  not  conceive  it  practicable  to 
grind  and  polii^h  a  (Eamond  lens;  and,  therefore,  he  did  not 
put  his  opinion  to  the  test  of  experiment,  but  he  got  two 
lenses,  one  made  of  ruby,  the  other  of  garnet,  wliicli  he  found 
to  be  greatly  superior  to  imy  lenses  that  had  previously  been 
usc^"  Dr.  Goring,  in  the  summer  of  1 824,  ha%ing  directed 
the  attention  of  Mr.  Pritchard  to  certain  passages  in  Sir 
David  Brewster's  admirable  Treatise  on  New  Philosophical 
'   Treatise  on  the  Mirroscope^  p*  13, 
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Instruments  respeL'ting  the  value  of  the  precious  atones  for 
single  microjjcapea;  and  having  seen  their  full  force,  it  was 
agreed  thiit  they  should  untlertake  to  grind  a  diamond  into 
a  magnifier.  The  first  diamond  operated  on  was  a.  small 
brilliant,  and  it  was  proposed  to  give  it  the  curves  that  in 
glacis  would  produce  a  lens  of  a  twentieth  of  an  ineh  focua. 
"  This  «tone,  w  hen  nearly  finished,"  says  Mr,  Pritchardj  "  fate 
decreed  that  I  shoidd  lose/  but  having  [> roved  the  possibility 
of  working  lenses  of  adamant,  I  set  about  another,  and  selected 
a  rose  diamond^  in  order  to  form  a  planoconvex  lens."  After 
great  labour  and  expense,  t\m  ilr,  Pritchard  accomplished, 
and,  on  the  1st  of  December,  1824,  he  states,  **  that  he  had 
the  pleasnre  of  first  looking  through  a  diamond  nueroscope." 
Dr.  Goring,  who  tried  its  perforaiance  on  various  objects, 
both  as  a  single  niicroscope  and  as  an  objective  of  a  com- 
pound, was  well  siitisfied  with  its  superiority  over  other  forms 
of  lenses.  But  here  Mr.  Pritchiu^'s  labours  did  not  end,  he 
subsequently  found  that  this  Btone  had  many  flaws  in  it, 
which  led  hun  to  abandon  the  idea  of  finishing  it.  Having 
been  prevented  from  resuming  his  opei'ations  on  this  refractory 
material  for  about  a  year,  Mn  Pritchard,  in  his  third  attempt, 
met  with  another  imcxpected  defect;  he  found  that  some 
ieiiBeSy  unlike  the  first,  gave  a  double  or  triple  image,  uistead 
of  a  single  one,  in  consequence  of  some  of  their  parts  being 
either  hanler  or  softer  than  otliers.  These  defects  were  after- 
wards found  to  be  due  to  polarisation.  Mr,  Pritchard  having 
leamt  how  to  decide  whether  a  diamond  is  fit  for  a  magnifier 
or  not,  subsequently  succeeded  in  making  two  planoconvex 
lenses  of  adamant,  whose  structure  was  quite  perfect  for 
microscopic  puq>ose8.  **  One  of  these,''  he  tells  us,  **  of  one- 
twentieth  of*  an  inch  in  ftx-al  length,  is  now  in  the  possession  of 
his  Grace  the  Duke  of  Buckingham;  the  other,  of  one-thirtieth 
of  an  ineh  focus,  is  in  his  own  hands,*' 

•'  In  consequence  of  the  high  refracting  power  of  a  diamond 
lenfl  over  that  of  gla^,  a  lens  of  the  former  material  may  be 
at  le-ast  one-thinl  as  thin  as  that  of  the  latter,  and  if  the  focal 

•  Those  who  would  wish  to  enter  more  tn  detail  into  this  matter^  I 
must  refer  to  Pritcliard'p  Mirroscopk  Vfihinet^\i,  108. 
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length  of  both  be  eqaal,  say,"'  gays  Sir  D.  Breweter,*  **  one- 
eightieth  of  an  inch,  the  magnifying  power  of  the  diamond  lens 
will  be  2133  iliametere,  whereas  that  of  glass  would  be  only 
8tK>.''  Mr*  Pritehard,  in  later  times,  succeeded,  with  mueh 
lees  diffieulty,  in  making  lenses  of  other  precious  Btones^  viz., 
the  sapphire,  ruby,  and  garnet,  all  these  eubstanceB,  although 
coloiu'ed  to  a  certfiin  extent,  nevertheless  were  not  unfitted 
for  magnifying  powers;  and  Sir  Da^nd  Brewster,  whose 
authority  is  indisputable  in  the^e  matters^  states: f—"  That 
they  all  exliibit  niinute  objeets  with  ailniirable  accuracy  and 
precision,  and  that  the  colour  of  the  garnet,  which  diminishes 
with  it^  thickncBs,  disappears  almost  wlioUy  in  very  minute 
lenses."  The  dumhility  ol"  lenses  made  of  the  ditunond  and 
other  precious  stoneBj  is,  however,  an  exceedingly  valuable 
property,  but  the  vast  expense  incurred  in  their  manufacture, 
and  the  great  superiority  of  the  coni[>ourid  instrument,  a^  now 
constructed,  will  ever  be  a  barrier  to  their  introduction  into 
general  use. 

The  microscope,  with  a  single  lens,  having  been  brought 
to  tlie  greatest  state  of  perfection  by  the  labours  of  Sir  David 
Brewster,  Dr.  Goring,  and  Mr,  Pritchanl,  we  mus>t  here  leave 
it  and  dii-ect  our  attention  to  certain  combinations  of  lenses 
termed  doublets  and  triplets,  by  means  of  which  microscopic 
science  has  been  conaidembly  advanced,  and,  with  the  ex- 
ception of  the  achromatic  compouml  mieroseoi>c,  no  more 
important  improvement  in  the  optical  |>art  of  the  microscope 
has  ever  yet  been  accomplished.  As  long  ago  as  the  year  1 66S, 
a  doublet  wm  described  iji  the  Philosojikical  Transactiom^  as 
made  by  Eustiu^iio  Divim,J  in  wliich  a  large  and  flat  field  wad 
obtained  by  jikcing  two  ] planoconvex  lenses  so  as  to  touch 
each  other  in  the  middle  of  their  convex  surface.  "  Tins 
instrument,*'  it  is  there  stated,  "  hath  this  peculiar,  that  it 
ihews  tlie  objects  flat  nnd  not  crooked,  and  although  it  takes 
m  mucb,  yet  nevertliele&s  magnifreth  extraordinarily."  In  the 
year  1812,  a  periscopic  doublet  lens  was  proiiosed  by  Dr. 
Wollaston,!  which  was  composed  of  two  planoconvex  lenses 

*   Trmtiitf  an  the  Micrmcope,  p.  21.  f   Op.  Cif^  p,  24. 

I  No.  42,  p.  842,  I  Phihsophicai  Tranmctwm,  1812,  p.  *175, 


ground  to  the  eame  radius,  and  applied  by  their  pkne  sur- 
fo/ces  to  a  flat  piece  of  metal,  having  an  aperture  of  the  same 
size  as  that  whicli  would  be  suitablt;  for  a  lentj  of  equal  size 
but  composed  of  one  piece  of  glass;  and  the  mze  of  tlie 
aperture  winch,  on  experiment,  waa  found  always*  to  ^ive  the 
best  definition,  was  that  about  one-fifth  part  of  the  focal 
length  in  diameter.  Tliis  fonn  of  doublet  waa  subsequently 
improved  on  by  Sir  Da\id  Brewster,  who,  instead  of  using 
the  tlat  piece  of  metal  and  two  planoconvex  lenses,  employed 
two  hemispherical  lenses,  cemented  to  the  end  of  a  tube  of 
bmss^  and  tilled  all  the  interspace  with  a  fluid  of  the  same 
refractive  i>owcr  as  the  glass.  Thi.^  led  Sir  David  to  the  idea 
of  the  grooved  sphere,  wdiieh  is  nothing  more  than  a  spherical 
lens  ha\ing  a  deep  groove  cut  round  it  in  a  pkne  per- 
pendicular to  the  axis  of  \dsion ;  a  pkn  analogous  to  that 
of  the  C<Kldlngton  lens.  Experiments  on  doublets  were 
now  carried  on  by  Sir  John  Hersehell,  Sir  Da\id  Brewster, 
Mr.  Coddington,  and  others,  and  wc  have  various  fonns 
recoimncudcd  for  use  by  each  of  tliese  gentlemen;  by  the 
former  we  have  three,  viz.,  the  pcriscopic  doublet,  which 
consists  of  a  double  convex  lens  of  the  best  form,  but  placed 
in  its  worst  i>osition  (radii  as  6  to  1)  for  the  lens  next  the 
eye,  and  a  planoconcave,  whose  focal  length  is  to  that  of  the 
other,  as  2,  6  to  1 5  or  as  13  to  5,  placed  in  contact  wdtli  its 
flatter  euriace,  and  having  its  concavity  towards  the  object. 
The  second  consisted  of  the  planoconvex  doublet,  which  is 
made  with  two  convex  lenses  of  equal  focal  lengths,  the  convex 
sides  being  placed  in  contact,,  and  the  eye  an<i  object  opposite 
the  plane  aides;  and  the  third,  the  doublet  of  no  aberration, 
which  consists  of  a  planoconvex  lens,  and  a  meniscus  placed 
in  such  a  manner,  as  ths4  the  convex  sides  of  lK>th  were  in 
contact. 

This  form  of  doublet  Sir  John  proposes  as  tlie  best  for 
obtaining  perfect  distinctness  in  microscopical  observations,  and 
Mr.  Pritchard  states:* — "  That  doublets  of  this  fonn  answer 
remarkably  well,  but  their  angle  of  a|>erture  is  small  as  com- 
pared with  combinations  of  double  achromatics."  But  by  far 
*  Microxcopie  Cahinef^  p.  163. 
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the  most  important  contribution  to  mieroscopieal  science  at 
this  period,  was  the  microscopic  doublet,  the  invention  of  Dr. 
WoJlaston,  which  IB  described  in  the  Philosophical  Transactima 
for  1829,*  and  with  tlie  mode  of  illumination  therein  recora- 
mended,  gave  to  the  single  mieri>scope  an  importance  and 
degree  of  iisefuhiess  which  it  had  never  yet  received  in  this 
or  any  other  coimtry.  The  doublet  of  WoUaston  consisted  of 
two  planoconvex  lenses,  having  their  focal  lengths  in  the  propor- 
tion of  1  to  3,  and  placed  at  such  a  distance  from  each  other  as 
was  asi_*ertained  to  be  bes^t  by  experiment  It  is  said  that  he 
was-i  led  to  this  invention  by  a  knowledge  of  the  oonetniction  of 
the  achromatic  Huy«^hean  eye-piece,  which,  if  reversed,  would 
make  a  microscope;  but  imjiaired  health  caused  him  to  eom- 
munjcate  his  paper  to  the  Royal  Society  earlier  than  he  at  first 
intended,  and  his  premature  death  deprived  him  of  the  satis- 
faction of  ever  witnessing  the  great  improvement  subsequently 
made  in  liis  doubletj  by  the  introduction  of  a  stop  or  diapliragm 
between  the  two  lenses.  The  microscope  stami  with  %vhich 
the  doublet  was  used,  was  as  simple  and  as  elegant  in  its 
constniction  as  the  doublet  itself;  and  is  gbown 
in  section,  bv  figure  19,  where  AB  represents  a 
brass  tube,  about  six  inches  long  and  an  inch 
or  more  in  diameter,  capable  of  being  screwed 
into  the  cover  of  a  box  or  stand,  by  the  screw 

D,  At  C  a  circular  perforation  is  made  for 
the  purpose  of  admitting  the  light  to  the  mirror 

E.  Above  the  mirror  at  F  is  a  diaphragm  or 
stop,  for  cutting  off  the  outer  rays  of  light 
reflected  from  the  mirror.  At  the  upper  end 
of  the  tube  is  a  planrn^onvex  lens  of  about  three 

,        I        quarters    of    an    inch    focal    length,    set    in    a 
Vl  1/  ,      metal  frame  at  G,  with  its  plain  side  upper- 
*  ^  most;  its  use  being  to  bring  the  rays  of  light  to 

a  focus  on  an  object  placed  across  the  top  of 
tube  at  P,  which  acts  as  a  stage.  At  I  is 
fixed  a  small  rack,  upon  which  an  arm  H, 
carrying  the  doublet  M  N  O,  can  be  moved  up 
•  Phihuophienl  Tramachomi,  1 8-29,  p.  9. 
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or  down  by  the  pinion  K,  which  is  turned  by  the  milled 
head  L,  The  doublet^  which  has  been  before  alhided  to,  con- 
sists of  two  planoconvex  lenses,  set  each  in  a  separate  cell  M  N, 
The  cell  which  carries  the  upper  lena  screws  into  tliat  which 
carries  t!ie  lower  lens,  so  that  the  distance  betwe^^n  the  indi- 
ridual  lenses  may  be  regulated  for  perfect  definition;  when 
in  use,  the  doublet  is  placed  in  a  hole  in  the  arm  H,  Since 
Wollustons  time,  the  stand  has  been  much  unproved,  it  has 
been  fitted  up  with  an  adjustable  J^tago,  and  with  fine  and  coarse 
adjustments,  and  otherwise  much  altered  in  appearance;  but  the 
one  we  have  described  is  copied  from  his  paper  in  the  Philoso- 
phical Tratuactions,  A  modification  of  this  fonn  of  instru- 
ment is  at  present  in  U8e»  a*  an  illuminator  with  many  nncro- 
»copee,  both  simple  and  compound,  and  will  be  again  referred 
to  in  the  chapter  on  *^  lllixmination  of  Transparent  Objects," 
"  With  this  microscope,"  Dn  WoUaston  says  *'  that  he  was 
able  to  see  diistinctly  the  finest  markings  upon  the  scales  of 
the  Lepisma  and  Ptyduruj  and  upon  those  of  the  j[p3at's  wing,^ 
The  doublet  iti^elf  ib,  at  the  present  time  much  employed,  and 
IB  preferred  by  nuiny  to  tlie  compound  microscope  for  the 
examination  of  such  objects  as  are  perfectly  flat,  and  by 
reason  of  ita  portability  its  value  is  much  enhanced.  It  ia 
infinitely  auperior  to  a  single  lens,  and  is  capable  of  trans- 
mitting a  pencil  of  an  angle  of  35*^  to  50*^  without  any 
sensible  errors,  and  exhibits  most  of  the  test  objects  in  a 
very  beautiful  manner. 

The  nejtt  great  improvement  in  the  single  micros^cope,  and 
the  last  we  shall  here  notice,  was  effected  by  Mr,  Holland  in 
1832,  and  described  by  him  in  the  forty-ninth  volume  of  the 
Transactions  of  the  Sodett/  of  Arts,     It  consists,  as  shcwTi  in 

tfig.  20,  of  three  planoconvex  lenses  abc^  the  first 
^--"~^— -^      tw  o  a  />  b  eing  placed  close  togethe  r,  and  the  dia- 
cgru^j        phragm  or  stop  between  them  and  the  third 
'"^  lens  e.    "  Tiie  first  bending,'^  says  Mr.  Ross,* 

"  being  effected  by  two  lenses  instead  of  one, 
^'     '         is  accompanied  by  emaller  aberrations,  which 
are^  therefore,  more  completely  balanced  or  corrected  at  the 
♦  Penntf  Cydnpmdia^  Art.,  Microscope. 
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»e<}ond  bending,  in  the  opposite  direction,  by  the  third  lens.** 
This  eonibination,  though  ealled  by  Mr.  Holland  a  triplet,  is 
essentially  a  doublet,  in  which  the  anterior  lens  is  di^nded 
into  two,  and  is  ca|mble  of  transmitting  a  pencil  of  65^  Here 
we  must  take  our  leave  of  the  hijstory  of  tlie  ^single  miero- 
scope,  and  commence  that  of  the  achromatic  compound 
instrument. 

Notwithstanding  the  great  improvements  which  had  taken 
place  in  the  compound  microscope  during  a  period  of  nearly 
two  centuries,  we  find.  Bays  Mr.  Ross,*  that  it  waa  "a  C4im- 
[>aratively  feeble  and  inefficient  instnunent,  owing  to  tlie 
increase  in  the  chromatic  and  spherical  aberrations  occasioned 
by  the  great  distance  tbroiigli  wliicli  the  light  had  to  pass. 
The  image  formed  by  the  object-glass  was  not  a  simple  one, 
but  made  up  of  an  infinite  number  of  variout^ly  coloured  and 
variously  sized  images.  Those  nearest  the  object-glass  would 
be  blue,  and  those  nearest  the  eye-glass  would  be  red.  The 
effect  of  this  being  the  production  of  so  much  confusion,  that 
the  Instrument  was  reduced  to  a  mere  toy,  alUiougli  these 
errors  were  diminished  to  the  utmost  poasible  extent  by 
limiting  the  aperture  of  the  object-glass,  and  thus  restricting 
tlie  angle  of  the  pencil  of  light  from  each  point  of  tiie  object 
But  this  proceeding  made  the  picture  bo  obscure,  that,  on  the 
whole^  the  best  compound  instruments  were  inferior  to  the 
simple  microscopes  having  a  single  lens,  with  which,  indeedl, 
almost  all  the  more  important  observations  of  the  preceding 
century  were  made*"  The  compmmd  micro^iope,  in  its 
chromatic  condition,  having  been  found  to  be  incapable  of 
iurthcr  advancing  in  a  right  way  acientific  research,  many 
artists  of  eminence  applied  themsclvee  to  the  work  of  im- 
provement, and  we  are  told  that  achromatism  was  discovered 
in  1729  by  a  private  gentleman  in  Essex*  named  Chester 
More  Hall,  who,  in  1 733,  constructed  and  apphed  to  a  teles- 
cope an  acluromatic  object-glass,  liaving  betn  led  to  its  dis- 
covery by  the  study  of  the  human  eye,  and  by  finding  that 
two  kinds  of  glasses  combined,  relracted  bght  without  decom- 
posing it.  Two  of  his  achromatic  telescopes  were  for  a  long 
•  Op,  at,  p.  6. 
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time  in  the  hauda  of  persons  who  were  not  aware  of  their  full 
vahie,  and  Mr.  HaO  liimself  paid  the  debt  of  nature  without 
revealing  the  secret  of  their  construction. 

In  1747  we  are  told  that  Euler  was  led  by  liis  experimenta 
to  the  construction  of  achromatic  object  gkisses,  a  problem 
wiiich  for  a  long  tunc  had  agitated  the  learned  in  England, 
Holland,  Italy,  and  France;  and  in  1774  he  proposed  the 
application  of  an  achromatic  combination  for  the  ol>ject 
glasses  of  microscopes.  Our  eountiyuian,  Dollond,  *'  on  the 
faith  of  Sir  Isaac  Newton's  conclusions,  zealously  denied  the 
possibility  of  doing  what  Kuler  propc*t*ed,  but,  nevertheless?, 
commenced  a  series  of  expeiinients,  beginning  witli  that  wliich 
had  led  Sir  Isaac  New- ton  to  his  unfavourable  opinions,  and 
which  ended  in  accomplis^lung  all  that  Kuler  liatl  declared  and 
Kewton  had  hojied  to  be  possible.  ThcBc  exjKTiments,  which 
I  included  the  spherical  as  well  as  the  chromatic  correctioo, 
were  completed  in  the  year  1757,  and  the  glory  of  achieving 
tliifl  mo8t  valuable  result  is  in  no  respect  lessened  by  the  fact, 
of  which  there  is  now  no  doubt,  that  a  chromatic  correction 
had  been,  to  some  extent,  prcKluced  in  the  year  1733,  by  JVIr, 
Chester  More  Hall."*  Although  Dollond  constructed  many 
achromatic  telescopes,  he  did  not  apply  the  same  principle  to 
microscopes ;  but  those  wliich  he  &old  were  only  mcMjifi cations 
of  the  compound  instrument  of  Cuff.  Chevalier  tells  usf 
that  there  exists  a  very  rare  work,  publi&heil  at  St.  Petersburg 
Jin  1774,  under  the  following  iMg  :— Detailed  instruction  for 
carryhifi  lenses  of  all  different  kinds  to  a  greater  degree  of  per- 
fection y  tcith  the  description  of  a  nticroseope  which  mm/  pass  for 
the  most  perfect  of  its  kind^  taken  fram  the  dioptric  theon/  of 
Leonard  Euler ^  and  made  comprehensible  to  workmen  hy  Nicholas 
Fuss*  It  contains  a  description  of  the  object-glass  of  the 
microscope,  of  which  tlie  following  is  the  substance : — '*  The 
.object-glass  will  be  composed  of  three  glasses;  the  first  and 
third  of  which  will  be  of  crowTi -glass,  and  the  second  of  flint. 
The  focal  distance  will  be  half-an-ineb^  and  the  aperture  of 

•    A.   Ro«8.      Practical  lUmirniion*  nf  (he    Achromatic    Telescope^ 

t  Op  Cii,,  p.  m, 
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the  lens  one-eighth  of  an  inch*  The  least  thickneaa  possible 
should  be  ^ven  to  the  glass  composing  the  lens;  the  two 
lenses  of  crown  glass  will  he  bi-convex,  and  the  middle  one 
bi-concave,  &c. 

In  1784,  ^pinua  made  many  fruitless  trials  to  achromatize 
the  microscope,  and,  althongli  he  was  siicccssM  to  a  certain 
extent  in  destroying  colour,  he  diminished  rather  than  in- 
creased the  magnit^ing  power  of  the  instrument,  and  he  made 
it,  says  Adams,  rather  more  like  **a  microscopic  telescope  than 
a  micro&cope,*'  A  blank  now  occurs  in  the  pages  of  micro- 
scopic hietory,  from  1784  until  1800,  and  the  microacopea 
in  use  in  those  days  were  more  remarkable  for  the  improve- 
ment in  the  mechanical  construction  of  their  stages  and 
adjustments,  than  for  that  of  the  optical  part;  "and  at 
this  period,'*  says  Chevalier,  *^it  is  to  be  remarked,  with  a 
sentiment  of  regret,  that  England  was  more  hiborious  than 
France,  and  appeared  to  have  the  monopoly  of  the  manufac- 
ture of  the  best  instruments'^* 

From  the  year  1800  to  1810,  we  are  told  by  Chevalier  that 
experiments  were  carried  on  by  M.  Chaises,  of  the  Institute, 
to  achromatize  small  lenses ;  but  tlie  nmnerous  impeHections 
of  these  lenses  were  such,  as  to  render  their  application  to  the 
microscope  completely  impossible,  as  they  were  not  so  ar- 
ranged aa  to  be  C4?mented  or  superposed,  and  their  centering 
find  curves,  so  full  of  imperfections,  rendered  them  unfit  for 
microscopic  purposes. 

In  the  year  1812,  a  very  simple  method  was  employed  by 
Bir  David  Brewster  f  to  render  both  single  and  compound 
microscopes  achromatic,  which  wm  as  follows  restarting  with 
the  principle  that  all  objects,  however  dchcate,  are  best  seen 
when  immersed  in  tluid,  he  placc<l  an  object  on  a  piece  of 
glass,  and  put  above  it  a  drop  of  some  kind  of  oD,  having  a 
greater  dispersive  power  than  the  single  or  concave  lens, 
which  formed  tlie  object-glass  of  the  microscope.  The  lens 
was  then  made  to  touch  the  fluid,  so  that  the  suifacc  of  the 
fluid  was,  as  it  were,  formed  into  a  concave  lens,  and  if  the 

•  Op  CiL,  p.  85 
f  TreaHxe  <m  ike  Microitrope,  p.  73^  et  $^. 


radius  of  the  outward  surface  waa  such  as  to  correct  the  dis- 
persion, we  tihould  liave  a  perfect  achromatic  microscope,  both 
simple  and  compound.  This  inethoil  however  ingenious,  waa 
attended  with  considerable  inconvenience,  and  oiu*  eminent 
and  time-honoured  philosopher  was  led  to  the  construction  of 
a  penaanent  achromatic  object-glass,  by  placing  some  butter 
of  antimony  between  a  meniscus  and  a  planoconvex  lens  of 
crown-ghiss,  the  antunony  was  retained  between  the  glasses 
by  capillary  attraction,  and  eoidd  be  removed  as  often  as  its 
properties  were  deranged* 

About  tills  penod,  1812,  avc  find  that  numerous  experi- 
ments were  caiTicd  on  by  Professor  Amici,  of  Modena,  to 
improve  the  achroitmtic  object-glass,  and  during  his  investiga- 
tions he  invented  a  reHecting  microscope,  far  superior  to 
those  of  Newton,  Baker,  or  Smith,  which  had  been  made  aa 
early  'd6  the  year  1738,  and  had  l>een  abandoned  for  many 
years ;  this  discovery,  which  so  far  excelled  any  micro^o|>e 
previously  made,  induced  iVmici,  in  1815,  to  lay  aside  his 
experiments  on  the  rcfnicthig  instrument  for  a  considerable 
period.  An  account  of  this  microi^coiK^  having  soon  reached 
£nghmd,  Dn  Goring,  in  1824,  with  the  assistance  of  Mr. 
Cuthbert,  succeeded  in  greatly  improving  it,  and  for  a  few 
years  this  was  the  most  perfect  form  of  microscope  manu- 
factured in  this  country;  but,  owing  to  the  difficulty  in 
constructing  the  reflectors,  and  tlie  great  trouble  in  ma- 
naging them,  this  instrument,  like  the  reflecting  telescope, 
fell  into  disuse ;  and  even  Amici  himself  entirely  abandoned 
it,  and  retmncd  to  his  fonner  experiments  on  the  refracting 
achromatic  object^l asses. 

In  the  year  1810,  F'niuenhofcr,  a  celebrated  optician  of 
Munich,  constructed  object-gla^^es  for  the  microscope  of  a 
single  achromatic  lens,  in  which  the  two  glasses,  although  in 
juxta  position,  were  not  cemented  together ;  these  glasses  were 
very  thick  and  of  long  focus,  illthough  such  considerable 
improvements  ha^l  taken  place  in  the  nuildng  of  achromatic 
object-glasses  since  their  first  discovery  by  Eiiler  in  177(>,  we 
find  that  even  at  so  late  a  periwl  m  1821,  M.  Biot  wrote,  '*  that 
opticians  rcganlcd  as  impossible  the  construction  of  a  good 
3* 
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achromatic  microscope/  Dr.  Wollaaton,  too,  was  of  the 
same  opinion  that  the  compound  would  never  rival  the  eingle 
microscope. 

In  die  year  1823  experiments  were  commenced  in  France 
by  M.  Selliguee,  which  were  followed  up  by  Frauenhofer,  in 
Munich,  by  Amici,  in  Modena,  by  M.  Chevalier,  in  Paris, 
and  by  the  late  Dr.  Goring  and  Air.  Tulley,  in  London.  To 
IVL  Selliguee  we  are  indebted  for  the  firet  plan  of  making  an 
object-glass  composed  of  four  achroiniitic  compound  lenses, 
each  consisting  of  two  lenses.  The  focal  length  of  each 
object-glass  was  eighteen  lines,  ita  diameter  six  lines,  and  its 
thick nees  in  the  centre  six  lines,  the  aperture  only  one  line. 
They  could  be  used  combined  or  separate.  A  microscope, 
constructed  on  this  principle  by  M.  Chevalier,  was  presented 
by  M.  Selligues  to  the  Aeademie  des  Sciences^  on  the  5th  of 
April,  1824.  In  the  same  year,  and  without  a  knowletlge  of 
what  liad  been  done  on  the  Continent,  the  late  Mr.  Tulley,  at 
the  instigation  of  Dr.  Goring,  constructed  an  achromatic  object- 
glass  for  a  compound  microscope  of  nine-tenths  of  an  inch, 
focal  length,  composed  of  three  lenses,  and  transmitting  a 
pencil  of  eighteen  degrees :  this  was  the  fii'st  that  had  been 
made  in  England,  and  it  is  due  to  IMr.  Tulley  to  say,  that  as 
regards  accurate  correction  throughout  tlie  field,  that  glass 
has  not  been  excelled  by  any  subsequent  combination  of  three 
single  lenses.  Mr.  Tulley  afterwiirds  made  a  combinarion  to 
be  placed  in  front  of  the  first  mentioned,  which  increased  the 
angle  of  the  transmitted  pencil  to  thirty-eight  degrees,  and 
bore  a  power  of  three  himdred  diameters,  Mr.  Lister,  who 
was  engaged  witli  Mr.  Tulley  in  the  perfecting  of  tlie  achro- 
matic object-glass,  finding  that  all  the  microscope  stands 
hitherto  made  were  not  sufficiently  steady  for  the  use  of  high 
powers,  directed  his  attention  to  the  improvement  of  this  part 
of  the  instrument ;  and,  in  order  to  carry  out  his  views,  he 
employed  Mr.  James  Siuitli,  now  one  of  our  first  opticians,  to 
execute  a  stand  on  the  plan  represented  by  fig.  2L  Tliis 
instrument  was  finished  by  Mr,  Smith,  on  the  30th  of  May, 
1826,  and  was  the  first  of  the  kind  constructed  in  this  country 
with  a  double  stage  movement,  a  diaphragm,  and  a  disc  or 


Fig.  21. 

ble  of  being  shut  up  one  witliin  tiiQ  other,  for  convenience  of 
package ;  trom  these  a  short  but  stout  pillar  rose,  having  at 
its  upper  part  a  cradle  joint,  to  which  was  attached  the  stage  x 
and  the  ami  a,  supporting  the  compound  body  6,  which  consisted 
of  three  tubes,  one  within  the  other.  Into  tlie  inner  one  /, 
called  the  draw  tube,  the  eye-piece  k  was  screwed ;  this  one 
wa«  capable  of  being  drawn  ont  from  the  middle  one  for  the 
space  of  four  or  live  inches,  and  had  cngmved  on  it  a  8C4ile  of 
inches  and  partsi>  and  to  its  lower  end  an  erecting  glass  could 
be  screwed.  To  the  middle  tube  was  attached  a  rack,  whicJi, 
with  its  tube,  was  moved  by  a  pinion  connected  with  the 
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milled  head  g^  this  formed  the  coarse  adjustment,  the  lower 
end  of  this  tube  e  was  conical,  and  to  it  the  object-glasses^ 
were  screwed.  The  thiixl  or  outer  tube  was  fii-mly  fixed  to 
the  arm  a  by  a  ciu-vod  pltite  of  bra^^s  and  by  tlie  screw  l\ 
When  the  compound  body  was  placed  in  the  inclined  position, 
aa  represented  by  the  figure,  the  tubular  rods  dd  were  use^ 
to  steady  it,  the  nuts  d  d  serving  to  fix  them  when  the  pi*oper 
inclination  had  been  obtained  j  these  rods  were  attached  to  the 
two  hindmost  feet,  and  when  tlic  draw  tube  was  not  in  use, 
they  were  fixed  to  the  compound  body  in  the  manner  repre- 
sented by  the  figure ;  but  when  the  draw  tube  was  out,  tliey 
eoidd  be  applied  to  a  moveable  band  which  surrounded  the 
body,  and  were  clamped  to  it  by  the  screwy.  To  the  stage  x 
waa  attached  tlie  tube  w,  for  carrying  the  mirror  r/,  and  the  ring 
/*,  for  holding  the  forceps^  the  condenser,  and  other  things.  Tlie 
stage  was  moved  from  eade  to  side  by  the  milled  head  m\  and 
up  and  down  by  that  at  m,  A  condensing  lens  q  was  attached 
by  a  moveable  ann  to  the  ring  />,  This  form  of  instrmnent 
was  adopted  by  the  TuUeys  (father  and  son),  and  by  tliese 
erahient  opticians  some  of  the  first  microscoplsta  of  the  day 
were  supplied  with  it,  amongst  whom  the  names  of  ^Ir. 
Lister,  tlie  late  Mr,  Loddiges,  and  Mr,  Bowerbaak 
require  especial  notice,  as  these  gentlemen  are  intimately 
associated  with  the  rise  of  nucroscopic  science  in  this 
metropolis. 

While  these  experiments  were  in  progress.  Dr.  Goring  is 
said*  to  have  discovered  that  the  structure  of  certain  bodies 
could  be  readily  seen  in  some  microscopes  and  not  in  others. 
These  IkkIics  he  named  test  objects^  he  then  examined  these 
teste  with  the  achromatic  combination  before  noticed,  and  was 
led  to  the  discovery  that  **the  penetrating  power  of  the 
microscope  deficnds  upon  it^  angle  of  aperture." 

On  the  30th  of  March,  1825,  M,  Chevalier  presented  to 
the  Society  of  Encouragement  an  achromatic  lens  of  four 
lines  focus,  two  lines  in  diameter,  and  one  line  in  thickness  in 
the  centre :  this  lens  was  greatly  superior  to  the  one  l>efore 
noticed,  which  had  been  made  by  him  for  ^1.  Selligues. 

In    1826,   Professor  Aniici,  who,   from  the  year    1815    to 
•  Miermcopie  Ohjecttt^  p.  21. 
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1824,  had  abandoned  his  experiiiients  on  the  achromatic 
object-glaa^,  was  induced,  after  tlie  report  of  Freanel  to  the 
Acjidemy  of  Sciences,  to  resume  theiu,  and  in  1827  he  brought 
to  tlus  country  and  to  Paris  a  horizontal  microacope,  in  which 
die  object-glass  was  composed  of  three  lenses  superposed,  each 
having  a  focuB  of  six  lines  and  a  Itirge  aperture.  This  uiicro- 
ecope  had  also  extra  eye-pieces,  by  which  the  oiagnifying 
power  could  be  increased,  A  microscope  constructed  on 
Amici's  plau,  by  Chevalier,  durbig  the  stay  of  that  phyaiciau 
in  PanSy  wad  exhibited  at  the  Louvre,  and  a  silver  medal  was 
awarded  to  its  maker. 

**^\liilst  these  practical  investigations  were  in  progress," 
says  Mr*  Ross,*  "  the  subject  of  acbroniatisui  engaged  the 
attention  of  some  of  the  ino^t  profound  mathemuticians  in 
England.""  Sir  John  Ilerschell,  Professors  Air^^  and  Barlow, 
Mr,  Coddington,  and  others,  contributed  largely  to  tlie  theo- 
retical examination  of  the  subject,  and,  though  the  results  of 
their  labours  were  not  inmiediatcly  applicable  to  the  micro- 
scope, they  essentially  promoted  its  improvement. 

For  several  years  prior  to  1829,  the  subject  had  occupied 
the  mind  of  a  gentleman  who,  not  entirely  practical  like  the 
first,  nor  purely  mathematical  like  the  last-mentioned  class  of 
obserA^ers,  was  led  to  the  discovery  of  coi'tain  properties  in  a 
cliromatic  comljination,  wliich  had  been  before  unobserved. 
These  were  aft42rwards  experimentally  verified  ;  and  in  the 
year  1829,  a  paper  on  the  sul*ject,  by  the  discoverer,  Joseph 
Jackson  Lister,  Esq.,  Wiis  read  to  and  pul>lished  by  the  Royal 
Society.  The  principles  and  results  thus  obtained  enabletl 
Mr,  Lister  to  form  a  eoiTibinatiou  t»f  lenses,  which  transuiitted 
a  pencil  of  iifty  degrees  with  a  large  field  correct  iu  every 
part.  This  paper,  wliich  was  the  ground-work  of  all  the 
great  inijjrovements  wliicb  liavc  Ijcen  eJiected  in  this  ct>uutry 
in  the  acliromntic  object-glasses,  has  tended  to  raise  the  com- 
p*>und  microscope  from  its  primitive  and  abnost  useless  con- 
dition to  that  of  being  the  most  imjjortant  instrument  ever 
yet  bestowed  by  art  upon  the  investigator  of  nature,  und  ha« 
gained  for  the  tliscovcrer  a  lasting  reputation.  As  the  results 
*  Art.,  Micnis€ojH\  /V««y  C^vh*pmdia* 
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arrived  at  by  IVIr.  Lister  are  indispensible  to  all  who  would 

make  or  understand  the  instnmient,  I  would  refer  them   to 
the  paper  itselt^  whicli  is  con  till  tied  in  the  121st  volume  of  the 
Phihsophieai   Transactions.       One  of  the   greatest  improve- 
ments which  iVfr.  Lister  introduced  into  the  manufacture  of 
his  object-g lasses  was  the  joining  together  of  the  planoconcave 
flint  lens  and   the  convex   hj  means   of  some   transparent 
cement,  sucli  as  Canada  balsam;  "this/'  he  says^  "  is  desirable  to 
be  t^ken  as  a  l^a^is  for  the  microscopic  objeet^lass,  it  dimi- 
nishes very  nearly  half  the  loss  of  light  from  reflection,  which 
is  con3idernl)le  at  tlie  numerous  suHat^s  of  a  combination. 
I  have  thought/'  he  says,  **  the  clearness  of  the  field  and  bright- 
ness  of  the   picture    evidently  increased   by  doing  this;    it 
prevents   any  dewiness  or   vegetation  from  forming  on  the 
inner  surfaces,  and  I  see  no  thsadvantagc  to  be   anticipated 
from  it,  if  they  are  of  identical  cur^^es  and  pressed  closely  to* 
gether,    and   the  cementing   metlium   pennanently    homc^e- 
neous."     From  this  discovery  of  Mr.ListerX  i"  1829,  we  may 
fairly  date  the  rise  and  continued  progress  towards  perfection 
of  the  achromatic  compound  microscope  in  England,  and  all 
cultivators  of  natural  science,  as  well  as  tlie  makers  of  the 
instruments  themselves,  are  largely  indebted  to  ^Ir.  Lister  tor 
publishing  to  the  world  the  valuable  results  of  those  labours, 
which  certainly  have  formed  the  groundwork  of  the  plan  on 
which  all  our  first-rate  opticians  now  work,  for  whose  sucoesa 
he  has  always  most  zealously  exerted  himsell^  even  to  the 
examination,  from  time  to  time,  of  their  wonderful  produc- 
tions ;  and  it  is  but  common  justice  here  to  state,  that  we 
have  now  in  this  metropolis  three  most  eminent  manufac- 
turers of  the  compound  achromatic  microscoi>e,  viz.,  Messrs. 
PoweU,    Ross,   and    Smith,  whose  instruments   are   without 
equal  in  tliis  or  any  other  country.      On  consulting  the  dates 
at  which  these   opticians  respectively  commenced  the  manu- 
facture of  aclnromatie  object-glasses,  we  find  that  as  early  ad 
March,  1831,  Mr.  iVndrew  Ross  liad  completed  for  Mr.  Wm. 
Valentine  a  dissecting  microscope  on  an  entirely  new  plan, 
being  provided  \nth  coarse  and  fine  adjustments,  and  stage 
movements,  and  with  a  Wollaaton  condenser.     This  instru- 
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ment,    first  described    in    the   forty-eighth   volume   of    the 

Tramactimis  of  the  Society  of  Arts,  will  be  more  fiillj  men- 
tioned in  the  chapter  devoted  to  the  aingle  microscope ; 
although  generally  employed  for  dissecting,  it  was  neverthe- 
less mjule  capable  of  receiving  a  compound  btnly-  The  first 
microscope  of  this  kind  made  by  Mr.  Koss  is  now  in  the  pos- 
session of  R.  H,  Solly,  Esq,,  for  which,  in  1832,  Mn  Ross 
was  also  employed  to  construct  a  triple  objcct^lass,  he,  pre- 
vious to  the  year  1831,  having  made  lenses  of  the  precious 
stones  and  acquired  his  knowledge  of  achroraatism  in  C4>nnec- 
tion  with  Profei^sor  Barlow,  hai-ing  operated  for  the  professor 
during  the  eonstniction  of  his  flnid  objcct^lass,  and  also  in 
the  arrangement  of  his  formida  for  computing  the  radii  of 
curvature  of  an  achromatic  one.  Since  the  period  aljove- 
mentioncd,  ilr.  lioss  has  been  constantly  and  actively  em- 
ployed in  bringing  these  instruments  to  perfection,  and  during 
the  manufacture  of  the  object-glasses,  he  effectcil  a  most  im- 
portant improvement  in  their  construction,  which  he  thus 
describes:*^'*  Having  applied  ilr.  Listers  principles  with  a 
degree  of  success  never  anticiijated,  so  peifeet  were  the  cor- 
rections given  to  the  acliromatic  object-glass— so  completely 
were  the  errors  of  sphericity  and  thspersion  balanced  or  de- 
stroyed, that  the  circumstance  of  covering  the  object  with  a 
plate  of  the  tliinnest  glass  or  talc  disturbed  the  corrections,  if 
they  had  been  adapted  to  an  uncovered  object,  and  rendered 
an  object-gljiss  which  was  perfect  under  one  condition  sensibly 
defective  under  the  other."  This  defect,  if  that  be  called  a 
defect  which  arose  out  of  an  improvement,  he  (Mn  Koss) 
first  detectedj  and  immediately  suggested  the  means  of  cor- 
recting, and  in  1837  ctmmiunicated  his  discovery  to  the 
Society  of  Arts  in  a  paper  wliich  is  pnbhslied  in  the  fifty-first 
voliune  of  their  Tramactitjmf  to  which  jmper  I  wonld  refer 
those  of  my  readers  who  woidd  wish  to  enter  more  fully  into 
the  subject,  the  desired  object  being  effected  l>y  separating 
the  anterior  lens  in  the  combination  from  the  other  two ;  and 
tigiu'c  22,  wliich  is  a  section  of  an  achromatic  object-glass,  will 
explain  how  the  principles  est^iblished  by  Mr.  Ross  were  put 
•  Op.  Cii.  p.  B, 
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into  practice. 


A  representis  a  tube,  in  the  end  of  whicJi  the 

anterior  lens  is  set;  thie 
elides  on  the  cylinder  B, 
containing  the  remainder  of 
the  combination ;  the  tnbe  A, 
holding  tlie  lenB  nearest  tlie 
object,  may  then  be  moved 

)  upim  the  cylinder  B,  for  tlie 
7*\    pni-poi^e  of  vaiying  tlie  dis- 

(  tance,  according  to  the  thick- 
ness of  the  glass  covering 
the  object,  by  t mining  the 
screwed  ring  C,  or  more 
simply  by  sUding  the  one  on 
the  other»and  clamping  them 
together.  WTien  adjusted,  an 
aperture  is  made  in  the  tube 


Fig.  22. 


A,  within  wliicli  is  seen  a  mark  engraved  on  the  cylinder,  and 
on  tlic  edge  of  which  are  two  marks,  a  longer  and  a  shorter, 
engraved  u[>on  the  tube;  when  the  mark  on  the  cylinder 
coincides  with  the  longer  mark  on  the  tube,  the  adjustment  is 
perfect  ibr  an  uncovered  object,  and  when  the  coincidence  is 
with  the  i?hort  mark,  the  proper  distance  is  obtained  to  balance 
the  abciTiitiona  prmhiccd  by  ghim  one-lumdredth  of  an  inch 
thick,  and  sucli  glass  can  readily  be  obtained.  Wlien  Mr. 
R068  first  eflfected  this  improvement,  he  made  the  adjustment 
by  slitling  the  outer  tube  A  ujxin  the  cylinder  B ;  but  Mr, 
Powell,  wc  are  told,  was  the  first  to  apply  the  si-rew  collar  C, 
by  which  the  correction  ciin  be  pertbnned  with  greater  nicety. 

The  metlhxl  of  using  this  improved  acliromatic  object-glase 
will  be  again  alluded  to  in  the  chapter  devoted  to  the  com- 
pound microscope.  From  the  ])ecu]iar  construction  of  Mr. 
Ross's  higher  i>owers,  he  is  enabled  to  ti*ansnnt  extraordinary 
large  angidar  pencils  of  light:  on  several  occasions  he  liaa 
obtained  the  enormous  apertm-e  of  135"^. 

Mr.  PowelL  in  early  life,  was  engaged  in  the  manufacture 
of  philosophical  ini*tnmient^,  but  not  of  inicroscojies,  and  it 
was  only  in  the  year  1834  that  ho  devoted  his  attention  to  tlie 
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Iftflt  mentioned  instruments*  In  the  same  year  we  find  a  con- 
tribution of  his  to  the  fiftieth  volume  of  the  TransacHanJS  of 
Hie  Society  of  Arts,  entitled,  **  On  a  fine  adjustment  for  the 

iBtage  of  a  Microsicope/'  Tins*  ingenious  contri^iince  was 
ipj)lieable  to  any  inisti^umcnt,  but  Mr.  Powell  used  it  with  the 

I  adjustable  stage  made  by  Mr,  TuiTell,  and  described  by  him 
in  the  forty-ninth  volume  of  the  same  trausaetions.  The 
«low  movement  was  obtained  by  making  the  stage  stand  on 
three  feet,  under  which  tlu^ee  inclined  planes  were  moved 
Biinultaneouisly  by  one  screw,  a  )?iiiigle  turn  of  wliich  raised  or 
lowered  the  stage  only  the  three-hundredth  part  of  an  inch, 

land  twenty  divisions  marked  on  the  screw-head  gave  mea- 

'  «urei3  of  the  one  elx-thousandth  part  ot*  an  inch,  and  hence  its 
use  aa  a  micrometer  as  well  as  a  fine  adjustment  In  the 
year  1841,  Mr*  Powell  made  another  coimnunication  to  the 
Tratuactioiis  of  the  same  society  "  On  a  new  way  of  mounting 
the  compound  body  of  a  microscope/'  a  plan  which  will  be 
iLgain  alluded  to  imder  the  head  Coniiiound  Microscope;  and 

via  the  year  1840  he  succeeded  in  making  an  achromatic  ob- 
glues  of  one-sixteenth  of  an  inch  in  focal  length,  the  first 
that  had  been  eeen  in  this  country,  it  is  in  itself  a  wonderftil 
pixKiuction,  both  for  delicacy  of  workmanship  and  correctness 
of  definition.  About  this  period,  his  brother-in-law,  Mr. 
P.  IL  Lealand,  who  had  for  some  time  assisted  him  in  the 
manuiacture  of  object-glasses,  became  a  jmrtner  with  Mr. 
Powell,  and  from  that  time  up  to  the  present,  these  opti- 
cians have  given  their  undivided  attention  to  the  manufac- 
turing, as  well  as  to  the  improving  and  peri'ecting,  of  the 
optical  and  mechanical  parts  of  the  achromatic  compound 
microscope. 

Mr.  Smitli,  who  had  been  for  many  years  engaged  in  the 
mimuiBCture  of  nxicroAcoi^s  of  all  the  ordinary  kinds,  was  in 

^1826  employed  by  J^Ir.  Lister  to  construct  the  instrument 
represented  by  fig.  *1\  ;  but  he  did  not  turn  hia  attention  to 
those  of  the  achromatic  form  on  his  own  account  until  1839, 
at  wluch  time  he  likewise  made  object-glassea  on  Mr*  Lister's 
princiydea;  these,  wliich  arc  of  large  aperture,  arc  constructed 
on  a  plan  rather  different  from  those  of  Messrs,  PoweU  and 
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Rots,  the  loweat  of  them  are  compoeed  of  single  triple^  and, 
in  order  to  increase  tlieir  nittgnifying  power,  it  is  necessarjr  to 
alidc  liziuther  triiile  coRibination  over  them;  by  thU  arrange* 
ment,  object-glasses  of  large  apertures  are  obtained^  and  at  a 
muc'Ii  eheniMjr  rate  thmi  tliose  liaving  three  pairs  of  lenaes 
combined  to  t'<jni*titute  a  single  magnitying  power. 

In  the  year  '.841>  Mr*  Smith  was  applied  to  by  the  cottncil 
of  the  rnifro«copifiil  socit'ty  to  furnish  them  with  one  of  h]0 
iirwly  oiiii/<trm^ted  arlu'omatic  compound  microscopes,  and  on 
tlie  24th  of  Nuvember  in  the  same  year^  the  inBtrument,  of 
whifh  a  figure  is  given  in  the  second  volume  of  the  Micros- 
etipif  Jonrnal^  was  delivered  to  the  society.  This  microscope 
hftci  thij  (!oiii|*oimd  bo<ly  mountetl  on  a  strong  grooved  bell- 
infttal  ann,  the  contrivance  of  Mr.  George  Jackson,  which 
plan  i*  now  ailf>jjtc<l  hy  Mr,  Smith  in  all  his  large  instm- 
mtnti*;  Uh*  object-glasses  were  four  in  nmnber,  the  highest 
being  the  fourth  of  an  inch,  which,  with  the  deepest  eye- 
piece, wn«  cjiimblo  of  magnifpng  510  diameters*  During  the 
Ift0t  M*ven  y4*ars,  Mr*  Smith  has  made  many  and  rapid  ad- 
vanccH  in  tlit^  manufacture  of  microscopes,  and,  in  conjunction 
with  his  partner,  Mr,  Beck,  has  siicoessfidly  endeavoured  to 
reduce  tlic  ccwt  of  liis  instruments  liy  simplifying  the  form  of 
■tond,  by  which  they  are  brought  more  within  the  compa«s  rf 
tbofie  whoftc  means  are  limited. 

Amongst  thost^  in  this  coimtry  by  whose  agency  the  micro- 
lecpe  ha*  Ijeen  much  improved,  may  be  mentioned  the  names 
of  Mr.  Varlcy  and  Mr.  Pritchard,  both  of  whom  are  well 
known  in  the  microscopic  world  by  their  valuable  publica* 
ticinii*  To  the  fonner,  in  1831,  we  are  indebted,  first,  for  a 
microiicoiM*  witli  a  lever  stage  movement,  for  following  ani- 
maleuh^R^  tcjgether  with  capillary  cages  for  containing  the 
tame,  fishing  tulies  and  other  apparatus  equally  ingenious 
and  iiieful»  and  for  his  lathe  for  grinfling  and  polishing 
lenaea;  Bccondly,  for  his  vial  microscope,  for  viewing  the 
circulation  in  clmra;  thirdly,  for  his  graphic  telescope  and 
microiCOjM* ;  fourtlily,  for  his  valuable  instructions  and  hints 
concerning  tlie  best  forms  of  eye-pieces  for  telescopes  and 
microecopes ;  and,  lastly*  for  bis  improved  lever  inicroscop©. 
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all  of  which  inventions  have  been  fully  described  in  the 
Transactions  of  the  Society  of  Arts,  to  wliich  interesting 
papers  I  wonld  refer  my  readers.  To  t!ie  latter,  Mr.  Prit- 
ckard^  we  are  indebted  for  three  valuable  works  on  the 
microscope,  viz: — The  Microscopic  Cabinet^  The  3Iicroscopic 
Jlltistratiims^  and  The  Alicrofjraphm^  in  which  are  adTiiirably 
explaiued  the  construction  of  the  in^ilruiiR'nts  made  and  im- 
proved  upon  by  Dr.  Goring  and  himself,  together  with  the 
history  of  the  doublet,  jewel,  reflecting^  and  achromatt*^  niiero- 
Bcopes,  tlie  methods  of  testing  and  using  the  simie,  witli 
the  descriptions  of  many  interesting  objects  oV>served  by 
them.  These  works,  which  were  the  first  of  the  kind  pub- 
lished in  England,  have  long  since  obtained  a  weU-dcserved 
reputation.  The  names  of  Chevalier,  Frauenhofer,  Ober- 
hauser,  Schick,  and  many  other  continenfad  opticians,  here 
deserve  honourable  mention  for  their  various  productions,  and 
I  should  be  wanting  in  justice  and  candour  were  I  not  to 
acknowledge  tlie  valuable  information  which  lias  been  derived 
in  this  llistortf  of  the  Microscope  from  the  excellent  work  of 
ftL  Chevalier,  entitled,  Des  Microscopes  et  de  leur  iisage. 

The  rapid  progress  of  improvement  in  the  manufacture  of  the 
achroumtic  compound  microscope  in  this  country  is  conside- 
rably indebted  to  the  spirit  of  Uberality  evinced  by  the  late  Dr, 
Goring  and  R.  H.  SolJy,  E^q,,  to  the  patronage  of  the  former 
we  owe  tlie  con^tniction,  by  Tulley,  of  the  first  triplet  achro- 
matic object-glass,  that  of  the  diamond  lens,  by  Varley  and 
Pritchard,  and  of  the  improved  reflecting  instmment  of 
Amici  by  Cuthhcrt.  To  Mr,  Solly  is  due  the  credit  of 
bringing  before  the  public  the  improved  microscope  of  Mr, 
Valentine,  the  exquisite  workmanship  of  ^\i\  Ross,  and  by 
his  intimate  connection  with  the  Society  of  Arts,  and  his 
well-known  liberalitVi  he  ha^  been  the  means  of  making  its 
Transactions,  since  1831,  the  vehicle  through  which  nearly 
all  the  improvements  in  tlie  constructions  of  telescopes  and 
microscopes, ^by  Mr.  Varley  especially,  have  been  made  known 
to  the  world 

The  late  Dr.  Goring,  at  whose  instigation  Tulley,  in 
1824,   constructed   the   first   achromatic   object-glass  in  this 
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country,  said,*  hi  1829,  "  that  mieroscopea  are  now  placed 
completely  on  a  level  with  telescopes,  and,  like  them,  must 
rerafiin  8tationary  in  their  construction."  "  Happily  for  118,** 
eavH,  Mr.  Bowerbauk,!  "  tliis  predit^tion  ha8  not  been  fiilfilled. 
Admirable  as  were  the  coinblnationB  alhidcd  to  by  Dr. 
Goring,  they  were  vei-y  far  inferior  to  those  which  we  now 
poedees,  and  whicli  we,  like  the  worthy  d*X"tor,  are,  perhaps, 
inclined  to  believe  are  scarcely  cajmlile  of  being  eurpassed; 
Imt  however  beautiful  the  combinations  around  us,  let  lis  hope 
thnt  the  same  gkill  and  talent  which  have  wrought  these  great 
aud  valuable  improvements  in  the  inetrument  will  continue  to 
aid  and  n^^ht  the  ftcientific  w  orld,  by  aiming  at  and  achieving 
a  still  farther  degree  of  peiiection.*' 

The  great  advances  which  have  been  made  in  microscopic 
«4cienee  within  the  last  few  years,  and  the  iiimiense  number  of 
valuiible  contributions  to  animal  and  vegetable  pliysiology 
alone,  with  wliicli  the  scientific  journdg  of  this  and  other 
countries  are  more  or  lem  filled,  all  tend  to  show  w^ith  what 
nipid  strides  accurate  knowledge  is  being  advanced^  and  tlie 
great  demand  for  achromatic  microscopes  has  been  such,  that 
since  the  year  1836,  in  this  metropolis  alone,  no  less  than  835 
first-rate  instruments  have  been  manuiactin"ed  by  our  three 
great  makers,  Messrs.  Powell,  Ross,  and  Smith,  to  whom 
with  i^li\  Lister  should  be  awarded  no  small  share  of  the 
honour  reaped  by  those  who,  through  their  instrumentality, 
have  euccessfiilly  laboured  in  the  field  of  microscopic  investi- 
gation. 

*  Estordiitm  to  Microscopir  lUuxtratiowty  1829. 
t  Adtlrcsa  to  the  Micruscopicid  Society,  February  10th,  1847. 


The  simple  iiiicroscopeB  in  general  use  may  be  divided  into 
, two  classes;  first,  into  those  which  arc  used  in  the  hand;  and, 
Becondly,  into  those  which  are  provided  with  a  stand  or  appa- 
ratua  for  supporting  the  object  to  be  viewed,  together  with 
an  adjustment  of  the  magnifying  power  to  and  froni  that  ob- 
ject, with  a  mirror  or  speculum  for  retleeting  the  light  tin'ough 
Buch  objects  as  are  transparent,  and  a  condenser  for  such  as 
are  opaque. 

To  the  first  class,  or  those  microscopes  which  are  used  in 
the  hand,  belong  the  various  kinds  of  pocket  lenses,  or  magni- 
fying glasses  so  commonly  used ;  they  consist  for  the  most 
part  of  double  convex  or  planoconvex  lenses  of  glass,  varying 
in  focal  length  from  the  quarter  of  an  inch  to  two  inches  ;  one 
or  more  of  these  is  set  in  a  frame  of  metal,  liorn,  or  toitoise- 
shell,  and  is  made  to  shut  up  between  two  other  plates  of  the 
same  material,  wliich,  besides  forming  a  handle  for  it,  serve  to 
keep  it  free  from  dust  and  scratches;  the  shutting  up  is  siuiilar 
to  that  of  a  knife4jla<Je  into  its  handle.  Sometimes  these 
lenae®  are  set  in  pairs,  with  a  thin  piece  of  horn  or  tortoise- 
shell  between  them,  wJiich  has  a  liole  in  its  centre  corre^ 
sponding  to  the  centre  or  axis  of  the  two  lenses ;  this  serves 
as  a  stop  to  cut  ofi"  all  the  outer  rays  of  light,  so  that  when  an 
object  is  viewed  by  the  combined  |>ower  of  the  two  lenses,  it 
IS  not  only  more  magnified,  but  the  defining  power  of  the 
instrument  is  increased  in  a  like  proportion,  so  that  we 
might  almost  call  it  a  doublet. 

These  magnifv'ing  glasses  are  extremely  usefxd  for  all  pur- 
poees  where  a  liigh  power  is  not  required ;  to  the  anatomist 
they  are  essential  for  examining  preparations  either  in  or  out 
of  bottles,  and  for  dissections  ami  injectionB,  For  the  latter 
purpose,  a  lens  of  halt-an-inch  focus  will  magnify  sufficiently 
to  enable  an  observer  to  pronounce  whether  the  vessels  of  most 
tifisues  be  perfectly  filled,  or  T\^ether  extravasations  have  taken 
place*     In  short,  no  person  in  the  pursuit  of  any  branch  of 
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natural  history  should  be  without  one:  its  cud  is  hourly  re- 
quired. There  are  two  forms  of  these  pocket  magnifiers  in 
general  use ;  the  most  common  form  ie  represented  by  fig.  23, 

which  carries  only  one  or  two 
magnifiers,  whit^it  a  mucli  larger 
aiitl  more  convenient  form  h  re- 
presented by  %*  24,  in  which 
there  are  tw  o  sets  of  lenses,  vary- 
uig  in  their  focal  length  fipoiu  two 
inches  to  a  quarter  of  an  inch ; 
between  the  sets  of  lenses  may  be 
seen   in   both   firnires    the   dia- 


Fig,  23, 


phragm  or  stop,  wliieh  enables  us  to  use  the  two  lenses  as  a 


Fig.  24. 

HouhleL  A  square  hole  is  made  in  the  end  of  the  handle 
fig-  23,  and  a  romid  one  in  the  middle  of  that  of  fig.  24,  which 
serves  the  purpose  of  attaching  them  to  a  stand,  as  will  be 
subsequently  phown-  Mr.  Smith  generally  pntB  three  lenses 
into  one  handle,  the  highest  power  is  a  planoconvex,  the  next 
a  crofl§ed  lens,  and  the  lowest  a  double  Ciinvex  lens,  which, 
when  combined,  perform  uncommonly  well. 

When  a  higher  magnitying  power  is  required,  the  form 
generaUy  used  is  that  known  as  the  Coddington  lens,  wliich 
conaiBta  of  a  sphere  of  glass,  around  the  equator  of  which  a 
triangular  groove  has  been  cut,  and  the  grcH)ve  itself  subse- 
quently filled  up  with  opaque  matter,  as  represented  in  section 
by  fig.  25,  The  great  advantage  of  this  form  of  lens  is  that, 
however  obliquely  pencils  of  light  B  A  may  fall  upon  it,  they, 
like  the  central  ones,  pass  at  right  angles  with  the  surface. 
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and,  consequently^  the  aberration  h  trifling.     This  lens  givea 
a  large  field  of  view,  which  is  equally  good  in  all  directions, 
and  it  little  matters  in  what  position  it  i^  held, 
hence  it  is  pccidiarly  apphcable  as  a  hand  mag- 
nifier.    The  lens  is  generally  set  in  silver  or 
Gennan  silver,  as  i-epresented  by  fig,  26,  and 
the  handle  is  so  contrived  that 
it  occupies  but   little  room  in 
the  waistcoat  pocket.     It  is  as 
well  here  to  mention  tliat  many 
of  the  lenses  sold  as  Coddington 
lenses  are  not  constructed  after 
this  niamier,  hut  are  made  up 
of  two  con\  ex  lenses,  which  arc 
not  jwrtions  of  sphere.^,  hence 
they  arc  destitute  of  many  of 
the  advantages  of  the  true  Coddington  lens. 
Another  leni,  somewhat  of  tlie  Kime  descrip- 
tion as  the  lastj  is  much  boasted  of  by  its  manu- 
facturers, and  is  pufied  oil'  at  every  toy -shop  as  tlie  Stanhope 
lens :  it  consists  of  notliing  more  than  a  double  convex  lens  of 
great  thickness,  on  one  side  of  wlrieli  the  convex  smface  is 
greater  tlian   on  the  other;  and  when  the  lejk*t   convex  or 
flattest  side  is  turned  towards  the  eye,  an  object  placed  n\mn 
the  other  convex  surface  is  in  the  proper  focus  of  the  lens ;   it 
b»  in  consequence,  genei^ly  used  more  as  a  toy  tlian  as  a  philo- 
sophical instrument,  for  viewing  the  seides  of  butterflies'  wings 
and  other  flat  objects  which  can  readily  be  attached  to  it,  or  for 
showing  the  eels  in  paste,  and  the  wonders  in  a  drop  of  water. 
When  any  of  these  lenses  have  to  be  held  for  a  long  time 
in  the  hand,  much  inconvenience  will  l»e   felt,  hence  various 
stands  or  supports  have  been  contrived  by  which  the  magnify- 
ing power  may  be  kept  in  a  fixed  position  over  the  desired 
object.     The  engraver,  the  watchmaker,  the  jeweller,  and  the 
artist,  all  rerpiire  some  form  of  lens,  and  each  has  sumc  a|ipa- 
ratus  by  means  of  which  it  may  be  fe<npportcd  and  adjusted, 
making  it,  in  fact,  a  single  microscope ;   and  as  it  would  be 
foreign  to  our  purpose  here  to  enter  into  the  details  of  the 
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various  contrivances  which  have  been  adopted,  from  time  to 
time,  we  shall  merely  make  mention  of  those  which  are  use- 
ful ID  microscopical  investigations, 

Tlie  most  simple,  but  not  the  least  useful  of  the  simple 
microscopeSj    is    represented  by  fig.   27.      It  is  principally 

used   by     watclnnukers 

4  and  wood-engravers,  and 
consists  of  a  loaded 
standi  of  metal  or  wood, 
from  wliich  rises  a 
circular  stem  of  stout 
wire  or  tube;  upon 
this  slides  another  piece 
of  tube^  carrying  an 
arm  also  of  stout  wire, 
hainng  at  its  eml  a 
hall  and  socket  joint, 
and  to  the  ball  of  this 
«.    «.  joint  is  attachetl  a  se- 

rig.  27, 

cond    smaller    anu,    to 

the  end   of  which  last  is  fitted  either  a  spring  or  else   a 

ring,  serving   the  purpose  of  carrying  the  lens;    when  the 

spring  is  used,  the  magnifier  generaUy  employed  is  the  one 

which  the  watchmaker  adapts  to  his  eye,  it  is  n^presented  by 

fig.  28,  and  is  notliing  more  than  a  lens  of  an  inch  focus,  set 

in   a  long  cell  of   horn,   enlarged  at  one 

end   like   a   trumpet,  and  this  enables  it 

to  be  grasped  firmly  by  the  muscles  around 

the  orbit,  or  if  the  ring  be  used^  the  lens 

may  drop  into  it.     The  coai*se  adjustment 

is  made  by  sliding  the  tube  up  or  down 

Fig,  2S.  the   stem,    wiiilst    a    finer   adjustment  is 

secured  by  means  of  the  small  arm  and  the 

ball  and  socket  joint ;  but  it  will  be  seen  tliat  if  this  last  be 

used,  and  the  ami  be  moved  into  any  other  i>osition  than  a 

horizontal  one,  the  lens  will  not  be  in  a  plane  at  right  angles 

to  the  object.     To  remedy  this  inconvenience,  I  have  found 

tlie  following  contrivance  extremely  useful,  and  a  section  of 
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the  lens  and  the  cell  in  which  it  is  contained  is  represented  by 

fig,  29-     I  have  retained  the  semicircidar  eprinf^,  whoso  ends 

are  seen  in  section  at  b  b^  and 
^  fl  n  n  Jli*    entire  in  fig.  30  at  rf,  and  have 

adapted  a  ring  to  it  a  ce, 
which  m  rather  h-gs  in  diame- 
ter than  the  spring,  and  ia 
three-eighths  of  an  inch  in 
deptli;  it  has  a  shoulder  or 
rim  at  one  end,  and  also  two  steel  pins,  c  e^  screwed  in  near 
the  top  edge,  exactly  opposite  each  other;  these  pins  are 
received  by  two  holes  made  in  the  semicircular  spring,  so  that 
tlie  cell  may  turn  or  swing  ujM)n  the  pins  just  tis  a  corai>ass 
on  its  gimbals.  The  lenses  are  made  to  drop  into  this  cell, 
and  it  will  be  readily  seen  by  fig.  30,  which  ib  a  representation 


1 


Fig.  30. 

of  the  arm  and  cell,  just  one-half  its  real  size,  that  in  whatever 
position  the  arm  is  placed,  the  ceU  carrying  the  lens  ^dll  be 
always  horizontal ; — a  exhibits  the  piece  of  brass  which  fonns 
the  connection  between  the  two  parts  of  the  ami,  it  has  a 
aocket  at  one  end,  in  which  the  ball  h  works ;  c  is  the  small 
wire  arm  which  supports  the  spring  d ;  e  is  the  cell  which 
carries  the  lenses  ;  2  represents  the  situation  of  the  cell  when 
the  arm  c  is  horizontal ;  1  the  same  when  the  arm  is  elevated ; 
and  3  when  depressed,  in  both  of  which  places  the  cell  main- 
tains its  horizontal  position. 

The  lenses  are  set  in  brass  firames,  which  easily  fall  into  tlie 
4* 
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cell,  as  seen  in  section  in  fig.  29,  where  e  represents  the  lens, 
and  d  the  frame  in  which  it  is  set ;  and  when  it  is  required  to 
change  the  power,  we  have  merely  to  turn  the  cell  upside 
down,  the  lens  will  drop  out  and  another  can  be  substituted. 
It  may  be  as  well  here  to  state,  that  the  form  of  the  low 
]K)wcr  lenses  employed  for  the  purjiose  of  dissecting  should 
be  double-convex,  a  planoconvex,  with  its  convex  side  towards 
the  eye,  gives  a  large  and  flat  field,  which  is  perfect  in  the 
centre,  but  not  at  the  margins.  Tliis  form  of  micro- 
scope is  exceedingly  useful  for  minute  dissections  of  nerves 
that  are  carried  on  under  water  in  troughs  or  other  vessels, 
and  will  be  foimd  sufficiently  steady  for  the  purpose, 
the  length  of  tlie  arm  allomng  the  lens  to  be  brought  over 
any  part  of  the  trough  or  vessel  in  which  the  dissection  is 
contained,  so  that  restriction,  as  to  the  size  of  the  subject  to 
be  examined,  need  not  he  considered. 

Wlien  a  much  more  steady  instrument  is  required  for  the 
piuposes  above  described,  Messrs,  Powell  and  Lcaland  have 
contrived  a  form  which  is  represented  by  fig.  31 ;  it  consists 

^^  of  a  brass   foot,   or 

base  It,  about  five 
inches  in  diameter, 
and  an  inch  and  a 
half  tJiick;  to  make 
it  more  steady,  it  may 
be  loaded  with  lead ; 
from  tliis  foot  rises 
a  triangular  stem  g, 
about  twelve  inches 
in  length,  having  a 
rack  d  on  one  of  its 
sides  J  upon  this  stem, 
a  square  box  c,  car- 
rying a  pinion  and 
two  milled  heads, 
made    to    move 


IB 


Fig,  31. 


up  and  down  by  the 


rack.     To  the  hox  is  attached  a  strong  tubular,  but  conical. 
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arm  f^  nine  inclieg  long,  wliich  is  provided,  at  its  free  end  a, 
with  a  Btout  ring  g^  into  which  either  a  compound  body  may 
be  screwedj  as  seen  in  fig,  32,  or  a  lens  /  set  in  a  large  cell 

may  di*op.  The  com- 
pound body,  it  will 
be  seen,  hae  also  a 
rack  and  pinion  mo- 
tion of  one  inch  in 
extent  for  a  fine  ad- 
justment, and  tlie 
body  itself  may  be  in- 
clined at  any  angle  by 
means  of  a  swivel 
joint  to  tbe  ring. 
This  instrument  is 
particularly  useful  for 
minute  dissectiong 
carried  on  in  large 
troughs  under  water ; 
and  when  the  opera- 
tor wishes  to  view 
his  dissection  with  a 
high  power,  he  may  remove  the  single  lens  under  which 
he  has  been  at  work,  and  t^ubstitute  in  its  stead  tlie  com- 
pound body,  which  is  provided  with  three  eye-pieces,  and 
an  inch  and  two  inch  object-glass;  but  in  no  ease  is 
he  required  to  move  his  dissection,  as  the  compound  body 
can  be  apphed  to  the  same  objects  as  the  mngle  lens.  To 
make  this  instrument  available  for  the  genei*al  puqioses  of  a 
compound  microscope,  it  is  provided  with  an  oblong  frame  or 
box,  o]Ten  at  the  sides,  and  in  the  bottom  of  wliich  is  contained 
a  mirror ;  the  top  of  the  box  having  a  hole  in  it  about  an  inch 
and  a  half  in  diameter,  answers  the  piirpoae  of  a  stage,  and 
into  it  a  pair  of  forceps,  a  frog  plate,  and  other  apparatus 
may  be  fitted,  as  into  the  stage  of  an  ordinary  coni|>ound 
microscope.  Into  the  ring,  also,  may  be  fitted  a  small 
arm,  capable  of  caiTying  a  Coddington  or  other  lens  of  high 
power. 
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Wlien  iDOrtability  is  BtudieJ,  a  very  convenient  and  usefiJ 
inicroscoj>e,  for  many  pnrposes,  can  be  readily  made  with  one 
or  both  of  the  pocket  inagnilierSj  before  described  at  page  48, 
if  either  of  the  two  forma,  aa  there  represented,  have  a  hole 
in  the  handle,  say  at  the  end  in  fig.  23,  and  in  the  middle  in 
fig,  24,  then  being  pro\ided  with  a  standi  as  represented  by 

fig,  33,    of  any  eon- 
[  venient    size,     from 

which  a  amall  square 
or  round  stem  rises, 
the  pocket  lens  may 
be  made  to  slide  up  and 
down  tliiB  stein,  and 
if  required  to  be  fixed 
at  any  given  point,  a 
small  screw  will  suf- 
fice for  the  purpose. 

This  metliod  of 
mounting  the  pocket 
lens  on  a  stand  waa 
first  suggested  by 
Mr.  Lister,  and  is 
now  manufactured  by 
Messrs.  Smith  and 
Fig.  33.  Beck;  hut  as  the  plan 

adopted  by  them, 
wliich  18  represented  by  fig.  33,  is  rather  diifcrent  from  what 
has  just  been  described,  it  will  be  requisite  here  to  give  an 
account  of  their  improvements*  Their  pocket  magnifiers  have 
a  square  hole  in  tlie  end,  and  they  use  a  circular  stand,  and 
on  the  stem,  wliich  is  round,  a  piece  of  brass  is  made  to  slide 
up  and  down,  earrj  iug  a  binding  screw  on  one  side,  and  a 
eniall  arm  on  the  other;  this  arm  is  straight  for  about  a  fourth 
of  an  inch,  and  then  is  bent  at  a  right  angle  for  about  the 
same  length,  the  last  part  is  square,  and  upon  the  square  the 
magnifier  is  made  to  fit,  tliis  is  a  much  better  plan  than  the 
first  described,  where  the  screw  for  tightening  is  in  the  end 
of  the  handle  of  the  magnifier,  as  less  trouble  is  required  in 
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fixing,  and  the  magnifier  itaelf  can  be  taken  off  or  put  on  with 

the  greatest  facility; 

Mr,  Ross  has  contrived  a  small  but  exceedingly  useful  in- 
strumentj  which  answers  tlie  mine  purposes  as  the  preceding ; 
it  18  represented  by  fig.  34,  and  consists  of  a  circular  foot 


Fig,  34. 

e,  about  an  inch  and  a  half  in  iliamcter,  from  which  rises  a 
short  tubidar  stem  d^  into  which  dides  another  short  tube  c, 
caiiying  at  its  top  a  joint /*/  to  this  joint  is  fixed  a  square 
tube  tti  througli  which  a  s^juare  rod  it  slides ;  tliis  rod  has  at 
one  end  another  but  smaller  joint  //,  to  which  is  attached  a  Icna 
holder  A.  By  means  of  the  joint  aijl  the  square  rod  can  be 
moved  up  and  down,  so  as  to  bring  the  lens  close  to  an  object, 
or  remove  it  from  it,  and  by  the  rod  sliding  tlirough  the  square 
tube  a,  the  distance  between  the  stand  and  the  lens  may 
eitlier  be  increased  or  diminished ;  the  joint  p,  at  the  end  of 
the  rod,  is  for  the  purpose  of  allowing  tlic  lens  to  be  brought 
either  perfectly  horizontal,  or  to  be  inclined  at  any  angle  with 
the  subject  to  be  investigatecL  By  means  of  the  dlding  tube 
r,  the  distance  between  the  table  and  the  jointed  arm  can  be 
increased  or  diminished.     This  microscope   ii*  provided  with 
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lenses  of  one  inch  and  one  half-inch  focal  length  for  the  dis- 
©ection  and  ejtamination  of  opaque  objects ;  but  by  meane  of  a 
dissecting  tabic  or  platfonn,  with  a  mirror  iinderaeath,  as 
described  with  Mi*.  Powelfs*  instmrneot,  page  53,  it  will  answer 
equally  well  for  transpiircnt  object,  especially  if  the  dissecting 
rei>ts,  8ubBeqoently  to  be  dewribed,  be  n&ed  at  the  same  time ; 
the  joint  at/ allows  of  the  lens  being  adjusted  with  very  great 
nicety. 

This  api>ai-atus  is  also  readily  taken  tij  pieces,  by  unscrew- 
ing the  pillar  d  from  the  stand,  and,  with  the  lenses,  dissecting 
instruments,  and  forceps,  is  packed  in  a  small  case,  and  can  be 
carried  in  the  pm^ket  without  difficulty, 

ThcBC  little  ini?tnunents  I  have  found  ejtti'eniely  useful  for 
the  examination  and  selection  from  sand  of  many  of  the 
smaOer  kinds  oi'  fbraoiiniferous  shells.  A  small  quantity  of 
tlie  sand  sujiposed  to  contain  them  may  be  spread  on  a  piece 
of  black  [iai>er  on  tlie  table,  and  by  means  of  this  simple 
microscope,  and  a  sable  or  other  pencil  brush  capable  of  being 
brought  to  a  fine  point,  used  by  a  steady  hand,  a  great  deal  of 
very  important  work  may  be  pcrfuniied  in  a  short  space  of 
time,  and  with  much  more  ease  than  with  a  compound  instru- 
ment, in  which  all  the  objects  are  reversed;  and  as  the  cost  of 
these  microscopes  is  comparatively  trifling,  and  the  uses  tu 
which  they  are  appliciible  so  extremely  various  and  im- 
portant, no  one  in  the  pursuit  of  natund  history  should  be 
without  one. 

The  instrument  best  suited  for  dissection  is  one  which  was 
described  in  the  forty-ninth  volume  of  the  Transactions  of  the 
Society  of  Arts,  by  Mr.  Slat^k.  It  consists  of  a  box  or  case, 
seven  inches  high  and  four  inches  broad,  wliich  is  represented 
open  in  fig.  35.  The  upper  surfaces  r  r  are  sloped  off  to  four 
inches  square  to  Ibrm  ann  rests,  and  the  top  is  left  six  inclies 
by  four.  The  front  of  the  case  is  provided  with  a  flap  or 
door,  which  has  hinges  at  the  bottom  and  a  lock  at  the  top ; 
Uie  mirror  is  situated  in  the  bottom  of  the  case,  and  is  of 
large  size,  and  directly  over  it,  in  the  top,  is  an  opening  ^,  an 
inch  and  a  quarter  in  diameter,  which  may  be  closed,  if  re- 
quired, by  a  brass  cap. 
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2ontall J  Upon  b  steel  pin  at  the  top  of  the  square  stem.  The 
Btem  18  lowered  and  raised  by  a  pinion  with  a  hirge  milled 
head  ly  two  inches  in  diameter,  by  which  tolerably  fine  adjust* 
ments  may  be  made,  but  finer  ^^till  may  be  effected  by  the 
lever  o,  which  fits  into  a  series  of  holes  drilled  in  the  circimi- 
ference  of  the  same  milled  heail  /.  The  whole  of  thi<5  adjusting 
apparatus  is  attached  to  a  plate  of  brass  jj,  and  is  made  to 
ehde  into  anotlier  jjlate  i  i\  w  hich  is  fixed  to  the  back  of  the 
eaee  by  screws.  When  not  in  use,  the  entire  apparatus  on 
the  top  of  the  cai^e  may  be  removed  and  placed  in  a  box  or 
drawer  in  its  interior.  When  transparent  objects  are  being 
disseeteil,  the  screen  y»  made  of  black  cloth,  may  be  attached 
in  front  of  the  stage  by  two  brass  pins  p  p;  this  screen  or 
curtsdn  has  a  two-fold  use,  the  one  to  intercept  all  extraneous 
light  save  that  reflected  from  the  mirror  below,  the  other  to  keep 
the  light  of  the  lamp  or  candle  employed  in  the  illumination 
from  the  eyes  of  the  observer.  The  pins  pp  are  bent  a  little 
forivards,  that  the  curtain  may  not  l->e  in  the  way  of  the  head. 
The  microscope  is  thus  arranged  for  tJie  dissection  of  trans- 
parent btnlies,  such  as  the  vessels  or  other  tissues  of  planted, 
tor  which  the  inventor,  Mr.  Slack,  was  so  celebrated;  but 
when  opaque  objects  arc  under  examination,  the  condensing 
lens  must  be  emph>yed ;  this  may  either  l>e  fixed  on  a  separate 
stand,  or  to  some  part  of  the  top  of  the  case.  An  improve- 
ment haj?  been  made  by  Mr.  Goadby  in  this  dissecting  micro- 
scope of  ^Ir.  Slack :  he  places  the  stem  for  the  adjustment  in 
the  interior  of  the  case,  and  the  miUcd  head  only  }>rojects  on 
the  outside ;  this  can  be  put  on  or  taken  off  at  w^ill,  as  the 
end  of  the  pinion  is  made  S€|uare  to  retxnve  it.  The  ca^e  is 
on  rather  a  larger  ecale  than  Mr.  Slack's,  but  iu  shape  is 
precisely  similar.  As  most  of  Mr,  Goad  by 's  dissections  are 
carried  on  under  water,  square  tin  troughs  are  used  for  the 
purpose^  each  of  which  has  a  circular  ring  fastened  to  the 
bottom,  which  fits  into  tlie  aperture  //  of  the  stage,  and  by 
this  means  is  prevented  from  shifting  its  ixjsition. 

A  very  useful  single  microscojx^  is  that  made  by  Mr.  Roat), 
lad  describe<l  by  him  in  the  Prnju/  Ct/cloptpclm^  article,  **  Micro- 
ioope.''    It  is  represented  by  fig.  Z7^  and  consists  of  a  brass  pillar. 
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about  six  inches  long,  screwed  into  a  tripod  base ;  to  tbe  upper 
part  of  the  pillar  is  attached,  by  Bcrews  with  milled  beads,  a 


Fig.  37. 

large  flat  stage,  provided  with  a  Bpring  clip,  and  other  appa- 
ratus for  holding  the  olijects.  By  means  of  the  large  milled 
head^  a  triangular  bar,  having  a  rack,  is  raised  out  of  the 
pillar;  tliia  bar  cairies  a  lenxS-hotder,  ha\nng  a  horizontal  move- 
ment in  one  cU  recti  on,  by  raeana  of  a  rack  and  pinion,  and  in 
the  other  direction,  by  turning  on  a  circidar  pin.  It  ia  also 
provided  with  a  concave  nun*or,  for  reflecting  the  light 
through  the  hole  in  the  stage ;  a  condensing  lens,  for  the  pur* 
pose  of  illiuninating  opaque  objects,  and  a  pair  of  forceps  for 
holding  small  objects,  may  be  applied  to  either  of  the  holes  in 
the  0tage.  Tliifl  niicros^^ope  is  usually  supplied  with  lenses 
of  one  inch  and  one  halt-inch  in  focal  length  for  diHtJceting ; 
but  the  higher  |>nAviera  generally  employed  are  either  doublets 
or  triplets ;  or  this  instrument  may  be  converted  into  a  com- 
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pound  one  by  taking  away  the  len«-liolder  and  substitutmg 
for  it  the  compound  body  represented  on  the  right  of  the 
stand,  and  when  provided  w^th  a  cradle  joint,  either  at  tlie 
top  or  bottom  of  the  piUar,  may  be  inolined  after  the  manner 
of  the  hirger  compoimd  instruments^  which  are  to  be  presently 
described. 

This  microscope,  with  it^  broad  stage^  is  well  adapted  for 
minute  dissections,  and  is  rendered  more  convenient  for  the 
purpose  if  placed  between  the  two  inclined  planee,  to  be  here- 
after mentioned,  which  form  what  is  called  the  dissecting 
rest*  This  apparatus  gives  support  to  the  anns,  and  brings 
the  wrists  on  a  level  w^ith  the  stage,  whereljy  Bniall  cutting 
iiistriunents  can  be  managed  with  the  gi-eatest  nicety. 

Another  highly  useful,  but  far  more  complete  stand  of  a 
simple  microscope,  for  the  dissection  of  minute  Ixitamcal  and 
other  objects,  was  contiuvcd  by  llr.  Wm.  Videntine,  and 
constructed  for  him  by  Mi\  Andrew  Ross,  in  1831  ;  it  is  fully 
described  in  the  forty-eighth  volmne  of  the  Tranmctiom  of 
the  Soctetf/  of  Arts,  and  was  one  of  the  first  simple  microscopea 
pro\ided  with  a  moveable  stage,  and  with  coarse  and  fine 
adjustments,  as  represented  by  fig.  38.  It  is  supported  on 
a  finn  tripod,  made  of  bell-metal,  the  feet  of  w^hich  aaa^  are 
made  to  close  up  together*  A  strong  pillar  b  rises  from  the 
tripod,  and  carries  the  stage  e,  tliis  is  further  strengthened  by 
two  brackets  r  n  From  tlie  tube  or  pillar  a  triiuigular  bar  f/, 
and  a  triangular  tube  c,  slide ;  the  one  mthin  the  other ;  the 
outer  or  triangular  tube  c  is  moved  up  and  down  by  a 
screw,  ha\dng  fifty  tlu^eads  in  the  inch,  turned  by  a  large 
miUed  head  r,  which  is  situated  at  the  base  of  the  piEar,  this 
is  the  fine  adjustment.  The  small  triangular  bar  d  is  moved 
up  and  down  within  the  triangidar  tube  c  just  described,  by 
means  of  a  rnck  and  pinion,  turned  by  tlie  nulled  head  t^ 
fonning  tlie  coarse  adjufltmcnt:  tliis  bar  carries  the  lens- 
holder  mn  op.  The  stage  e  cons^ists  of  three  plateg(,  the  lowest 
one  is  firmly  attached  to  tlie  pilhu*,  and  upon  this  the  other 
two  work.  The  upper  one  carries  a  small  elevated  stage  j7,  on 
which  the  objects  are  placed  ;  this  stage  is  mounted  on  a  tube^^ 
and  luis  a  spring  eli[)  ft,  for  holding,  if  necessary,  the  objects 


and  the  different  parts  of  any  object  can  be  brouglit  succes- 
sively into  the  fiekl  of  view. 

The  ami  n  p,  which  carries  the  lenses,  is  attaclied  to  the 
triangidar  Imr  d  by  a  conical  pin,  on  which  it  can  tnrn  hori- 
zontally, and  the  arm  itself  can  be  made  longer  or  sliortcr 
by  means  of  a  rack  and  pinion  m  o  attached  to  it,  hence  the 
lens  y  may  be  applied  to  all  parts  of  an  object  without 
interfering  in  any  way  with  the  stage. 

The  mirror  I  is  placed  uf>on  the  hirgest  of  tlie  three  legs 
forming  the  triptxl,  and  consists  of  a  concave  and  plane  glass 
reflector.      To  the  under  side  of  the  stjigc  is  fitted  a  Wol- 
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laaton'a  tjondenser  A,  and  ilxe  lens  b  made  to  slide  up  and 
down  by  means  of  two  small  handles  projecting  from  the 
cell  in  whieh  the  lens  is  set.  Two  small  tubes  i,  into  which 
either  a  condensing  lens  or  a  pair  oi  forceps  may  be  fitted, 
are  attached  to  the  under  eide  of  the  stage. 

The  magnifiera  employed  in  this  instrument  were  either 
fiingle  lenses  or  doublets,  and  Mr.  Valentine,  who  is  so  well 
known  a^  a  most  skilfid  vegetable  anatomist,  has  managed 
to  difNsect  under  a  lens  of  one-twentieth  of  an  inch  focus. 

To  make  it  a  compound  microscope,  the  arm  carrying  the 
lenses  can  be  removed,  and  a  compound  body,  supported  on 
a  licnt  arm  and  pro\ided  with  a  conical  pin,  at  its  end, 
can  be  substituted,  and  the  coarse  and  fine  adjustments  in 
the  piUar  will  answer  the  purpose  of  focussing  the  object 
glasses  of  the  compound  body,  as  well  bb  the  simple  mag- 
nifiers. 

This  micToscope,  the  first  of  the  kind  ever  made  by  JVIr, 
Ross,  was  remai'kable  for  the  excellence  of  its  workmansliip, 
and  may  be  said  to  have  paved  the  way  for  a  new  era  in 
the  forms  of  these  instruments. 

A  very  useful  microscope  for  dissecting  is  that  made  by 
Messrs.  Smith  and  Beck,  and  is  represented  by  fig.  39;  it 
may  be  supported  upon  a  heavy  circular  brass  foot,  or  be 
screwed  to  the  cover  of  a  box,  or  block  of  hard  wood. 
The  central  pillar  is  circidar,  about  six  inches  long  and 
three-foiulhs  of  an  inch  in  diameter,  and  from  it  may  be 
raised  a  triangidar  bar,  by  a  rack  and  pinion,  tiuned  by 
two  large  milled  heads.  The  lens-holder  has  two  move* 
menta  like  that  of  Mr.  Ros^,  the  one  horizontally  by  a  pin 
fitting  into  the  top  of  the  triangular  bar,  the  other  by  a 
rack  and  pinion-  Tlie  mirror  is  of  the  usual  conetruction. 
Tlic  stage  is  of  a  circidar  figure,  three  inches  in  diameter; 
into  it  may  be  fitted  dissecting  troughs,  composed  of  a  ring 
of  brass,  with  a  glass  bottom,  or  a  similar  ring  with  an 
ebony  bottom,  and  others  equally  usefid,  which  are  covered 
or  lined  with  cork-  This  instrument  is  supphed  with  single 
leiiAes  and  with  doublets,  and  has  proved  a  very  usefid  work- 
ing tool  in  the  hand**  of  Mr,  Darwin,  who  suggested  many 


Fig*  39. 

Single  microscope  of  Messrs,  Smith  and  Beck,  and  those 
previoufilj  described^  there  are  laany  very  UBefid  fomis  sold 
by  6ome  of  our  other  opticians  in  this  metropoliaj  and  in  the 
provinces,  and  those  of  Mr.  Pritchfuxl,  which  are  deecribed  in 
his  works,  require  especial  mention.  The  anthor  of  a  little 
tract,  entitled  The  IVonders  of  tfie  Microscope^  recommends 
strongly  an  instrument  invented  by  Raspail,  which  can  be 
bought  in  Pai'is  for  thirty  francs^  or  about  twenty-five  shil- 
lings English:  it  is  provided  with  four  lenses,  varying  in 
magnifying  power  from  fifty  to  three  hundred  diameters.  The 
anthor  was  lately  shown  one  of  these  instruments,  by  his 
friend,  Mr.  H,  W.  Diamond,  and  can  speak  very  favourably 
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of  itM  performance.  As  the  single  mici-oseope  is  principally 
used  for  dissection,  the  most  esaential  part  next  to  good 
glasses  is  a  large  finn  stage  for  supporting  tlie  objects  under 
examination;  and  as  it  is  found,  that  after  a  little  practice, 
an  object  can  be  moved  about  on  the  stage  with  very  great 
nicety,  the  stage  moveinents  may  be  dinpeuHcd  with  where 
low  powers  only  are  employed ;  but  with  doublets  and  trij^ 
lets  some  more  delicate  adjut^tment  than  that  of  the  hand 
liecomes  necessiuy,  and  such  an  instrument  as  that  described 
Ijy  fig.  38  should  be  had  recourse  to,  where  both  fine  and 
coarse  movements  for  the  magnifiers  are  provided,  and  all 
parts  of  the  object  can  be  carried  under  the  lens  by  the  ad- 
justable stage. 

The  magnifying  powers  genci-ally  employed  with  the  single 
microscopes,  before  described,  may  be  di\^ded  into  those  con- 
sisting of  one  lens  only,  and  into  those  of  two  or  three  lenses 
combined,  from  wliich  circumstance  they  are  termed  doublets 
or  triplets*  In  the  fii"8t  class  are  included  all  the  powers, 
from  two  inches  up  to  one  quarter,  and  sometimes  one-tenth 
of  an  inch ;  tljcse  should  be  set  in  flat  cells,  hke  that  seen  in 
fig.  31,  and  be  made  to  drop  easily  into  the  lense-holder. 
Some  persons  use  planoconvex  lenses  for  the  very  low 
powers;  but  in  these  the  centre  of  tlie  field  will  be  per- 
fect and  well  defined,  but  the  margins  not  so;  hence,  both 
theoretically  and  practically,  it  will  l)c  found  that  double 
convex  lenses  are  certaiidy  the  best  for  low  powers,  esjiecially 
for  dissecting;  but  those  who  are  in  |H>ssession  of  a  two-inch 
achromatic  object-glass,  will  soon  k'arn  that  wliere  very 
carefiil  work  is  required,  a  glass  of  that  description  will  be 
by  far  the  most  pleasant  to  use.  Mr.  Powell  supplies,  with 
his  dissecting  microscope,  represented  by  fig,  31,  sometimes 
as  many  as  seven  lenses,  the  four  lowest  mnge  in  focal 
length  from  two  inches  to  half-an-iucb,  and  the  fifth,  a  Cod- 
dington  lens,  of  a  quarter  of  an  inch  focus,  the  remaining  two 
being  doublets,  one  p(  one-tenth,  tlie  other  of  one-twen- 
tieth of  an  inch  focus.  Two  of  these  largest  lenses  are  double 
convex,  tlie  otlter  two  either  crossed  or  else  planoconvex, 
after  the  ordinary   lens  of  half-an-inch  in  focus,    the  next 


Fig.  40. 


increase  in  the  raagnJfying  power  should  be  supplied  by  the 
Cofldington  lena,  represented  bv  figs,  25  and  26 ;  this  affords 
a  large  field,  which  is  equally  gocwl  in  all  directions,  and  its 
value  is  intemietliate  between  tbfit  of  a  double  convex  lens  of 
the  best  form  and  a  doublet  or  acbromatie  lens.  The  doublet 
in  general  u&e  is  that  wliich  has  been  before  alluded  to  as  the 
invention  of  Dr.  Wollaston,  and  is  represented  in  section  by 
fig.  40.  It  consists  of  two  planoconvex  lenses^  having  their 
focal  lengths  in  the  projKirtion  of  one  to 
three,  or  nearly  so ;  these  are  set  in  two 
separate  celL^  a  c^  the  upper  one  a  is  capa- 
ble of  being  moved  up  and  down  in  c,  by 
means  of  the  screw,  os  represented  by  the 
figure;  this  enables  the  optician  to  adjust  them  to  perform 
accurately.  The  lenses  are  placed  with  their  flat  sides  to- 
wards the  object,  and  the  one  of  longest  focus,  wdiich  is  also 
the  largest,  is  placed  nearest  the  eye.  Between  the  two 
lenses  there  is  a  stop  or  diaplu-agm  bj  which,  for  accurate 
definition,  should  also  be  carefully  adjusted.  This  instnmient, 
as  described  by  Wolla^ton,  in  the  Phihsnphical  Transaction^^ 
was  not  provided  with  a  stop,  nor  does  he  even  allude  to  the 
introtluction  of  one ;  it  is  not  certain,  therefore,  whether  he 
was  at  all  aware  of  its  value,  and  his  bright  career  having 
terminated  in  so  short  a  time  after  the  publication  of  his 
paper,  the  omission  may,  in  some  measure,  be  accounted  for. 

iVnother  form  of  doublet  sometimes  employed  is  that  which 
has  been  described,  at  page  29,  as  the  invention  of  Sir  John 
Herschell,  it  consists  of  a  planoconvex  lens  and  a  meniscus, 
placed  in  such  a  manner  as  that  the  convex  sides  of  both  are 
in  contact,  Tliis  kind  of  doublet  is  not  so  much  used  as 
WoUaston's,  in  consequence  of  its  focus  being  rather  a  mathe- 
matical one  than  otherwise,  it  docs  not,  therefore,  answer  so 
well  in  practice. 

When  a  triplet  is  required,  it  should  be  constructed  on 
the  plan  of  that  of  Mr.  Holland,  first  described  in  the  forty- 
ninth  volume  of  the  Tramai'tinn^  of  the  Society  ijf  Arts^  and 
before  alluded  to  at  page  31;  it  consists,  as  is  shown  in  sec- 
tion by  fig,  41,  of  three  planoconvex  lenses  abc^  the  first  two, 
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a  by  being  placeil  close  together,  and  the  etop  or  diaphragm 
between  them  and  the  ttiird  lens  c ;  tliis  combination  of  tliree 
lenses  was  used  hy  Mr,  Ilollaucl,  either  aa  a  single  microscope, 

or,  il'  reqiiiicd,  it  could  be  applied  as  an  object- 

^ --H^    glass  to  a  compound  one  ;  and,  althongh  temicd 

c^.-^3     a  triplet,  it  is  essentially  a  doublet,  having;:  its 
ff.  front  lens  made  up  of  two.      A  glass  of   tliia 

form  is  capable  of  transmitting  aB  large  an  angu- 
^ig'  4L  lar  pencU  as  65°  with  perfect  distinctness. 
Tliis  combination  of  three  lenses  approaches  so  very  closely 
to  the  objects  to  be  examined,  that  they  refiuire  to  be  covered 
with  the  very  tliinnest  mica,  which  is  objectionable,  and  no 
more  than  three  lenses  can  possibly  be  employed  to  fonn  a 
single  microscope,  hence  the  huiit  to  the  improvement  of  tldfl 
instrument  Air.  Holland  states,  that  for  a  triplet  to  be  effi- 
cient for  the  podura,  &c.,  it  sliould  be  equivalent  in  power  to 
a  single  lens  of  one -twenty -fifth  of  an  inch  focus;  and  in 
answer  to  those  who  object  t^o  the  use  of  the  triplet,  on  account 
of  its  approaching  so  closely  to  the  object,  he  states  that  some 
of  liis  prepai-ations  are  covered  with  mica  so  thin,  that  tliey  can 
be  examined  by  a  spherule  of  one-threc-huncb-edth  of  an  inch 
focus.  '*  It  was  at  one  time  hoped,^  says  Mr.  Ross,  "  as  the 
precious  stones  are  more  refractive  than  glass,  and  as  the  in- 
creased refractive  power  is  unaccompanied  by  a  correspondent 
increase  in  chromatic  dispersion,  that  they  w^ndd  furnish 
valuable  materials  for  lenses,  inasmuch  as  the  refractions 
would  be  accomplished  by  shallower  curves,  and,  conse- 
quently, with  diminished  spherical  aberration."*  But  tliese 
hopes  were  disappointed :  cverytlxing  that  ingenuity  and  per- 
severance could  accomplish  was  tried  by  Mr.  Varlcy  and  Mr. 
Pritchard,  under  tlie  jwitronage  of  Dr.  Goring,  It  appeared, 
however,  that  the  great  reflective  power,  the  doubly-refracting 
property,  the  colour,  and  the  heterogeneous  structure  of  the 
jewels  which  were  tried,  much  more  than  counterbalanced  the 
benefits  arising  from  their  greater  retractive  power,  and  left 
no  doubt  of  the  superiority  of  skilfully  made  glass  doublets 
and  triplets.  The  idea  is  now,  in  fact,  abandoned ;  and  the 
•  Art.,  Micm«cope,  Penny  Cyclopadia. 
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same  remark  i&  applicable  to  the  attempts  at  constructing 
fluid  lenaee,  and  to  the  projects  for  g'ning  to  gki^s*  other  than 
spherical  surfaces, — ^none  of  wliich  have  come  into  earten- 
sivc  use. 


CHAPTER  IL 

COMPOUND  MICROSCOPE. 

A  COMFOUKD  microscope  differs  from  a  simple  one  in  having 

the  Image  of  an  object  fornied  by  an  object-glaaa  further 
magnified  hy  one  or  more  lenses  forming  an  eye-glass,  or,  in 
other  words,  the  rays  of  light  irom  an  object  being  brought 
into  a  new  focus,  there  fonn  an  image,  which  image  being 
treated  at*  an  original  oljject  by  the  eye-piece,  is  magnified  in 
the  6ame  way  as  the  simple  micro&cope  magnified  the  object 
itself.  For  a  microscope  to  be  a  compound  one,  it  ia,  there- 
fore, necessary  that  it  should  have  an  object-glass  and  an  eye- 
gla^ ;  in  some  of  the  old  mici*oscopes  there  were  only  two 
lenses  to  answer  both  these  purposes ;  but  it  has  been  stated 
that  In  the  simple  microscope  as  many  as  three  are  employed 
to  form  a  triplet,  and  yet,  with  this  number  of  lenses,  the 
microscope  ie  still  a  simple  one.  This  is  easily  explained: 
the  first  two  lenses  of  the  triplet  only  effect  what  miglit  have 
been  accomplished,  but  not  so  well,  by  one ;  and  the  third 
lens  is  only  ueeful  for  mo<hfying  the  light  before  it  enters 
the  eye. 

As  the  object  ot'  this  work  is  entirely  pnictical,  I  shall  omit 
all  mention  of  tliose  compound  microscopes  that  have  been 
heretofore,  or  are  even  now  manufactured  in  this  country, 
that  are  not  achromatic,  and  which,  therefore,  are  unfitted 
for  scientific  invcstigatioo,  and  shall  confine  my  observations 
principally  to  those  made  by  our  three  first-rate  opticians, 
viz,,  Messi^.  Powell,  Eoss,  and  Smith,  aU  of  whose  object- 
glasses  will  stand  the  severe  tests  hereafter  to  be  described ; 
and,  as  tar  as  we  can  j^idgc  at  present,  have  approached  the 
limits  of  conceivable  perfection,  and  whose  stands  or  sup)K»rts 


08 


PRACTICAL  TREATISE  ON  THE  MICROSCOPE. 


for  the  same  are  confitnieted  on  the  mo^t  approved  mechanical 
principles,  to  prevent  tremor  and  to  aflbrd  the  greatest  fecilitj 
for  using  the  various  movements^  and,  in  point  of  workman- 
ship,  are  also  unequalled. 

Every  compound  micro^ope  may  be  s^d  to  consist,  like 
the  simple  one,  of  two  essential  parts,  viz.,  die  stand  and  the 
optical  apparatus,  both  of  which  are  very  much  more  com- 
pheated  than  they  are  in  the  former  instrument*  The  stand 
is  made  up  of  the  compound  body  (or  tube  for  carrying  the 
optical  apparatus),  and  the  stage  with  the  supports  and  ad* 
justments  for  each;  whilst  the  optical  part  consists  of  the 
object-glasses  or  magnifying  powers,  the  eye-pieces,  and  the 
mirron  It  little  matters  what  the  shape  or  aze  of  the  instru- 
ment may  be ;  for  whatever  plan  is  adopted,  or  in  whatever 
country  it  may  be  made,  the  parts  above  described  are  strictly 
essential,  and  must  be  present  in  each.  The  compound  body 
is  generally  a  tube  of  brass,  from  eight  to  ten  inches  in  length, 
and  from  an  inch  to  an  inch  and  a  half  in  diameter ;  to  its 
upper  end  the  eye-pieces  are  adapted,  to  its  lower  the  object- 
glasses;  as  these  latter  are  of  diiferent  magnifyii^  powers^ 
and  as  no  two  subjects  under  examination  are  of  the  same 
thickness,  it  is  highly  requisite  that  there  should  be  some 
mode  of  focal  adjustment  applicable  to  every  contlition.  Thia 
is  effected  in  two  ways^  one  of  which  is  termed  the  coarse, 
the  other  the  fine  adjustment ;  the  first  is  generally  accom- 
plished by  rack  and  pinion,  by  which  the  whole  of  the  tube 
carrying  the  eye-piece  and  object^lass  is  made  to  approach 
or  recede  from  the  object  by  turning  a  large  milled  head 
coimected  with  the  pinion ;  whilst  in  the  second  or  fine  ad- 
jtiflEDent,  the  object^lass  only  is  moved,  and  that  by  means 
of  a  very  delicate  screw,  acting  either  on  the  long  end  of  a 
lever  or  in  some  of  the  modes  hereafter  to  be  noticed, 
whereby  the  same  residt  is  obtained.  In  the  best  constructed 
etands,  the  entire  compound  body  containing  the  magnifiers  is 
moved  up  and  down  by  the  coarse  adjustment ;  but  in  many 
of  the  older  microscopes,  as  represented  by  fig.  21,  there  were 
two  or  more  tubes  to  make  up  the  compound  body.  When 
this  was  the  ca^,  the  outer  tube  was  firmly  attached  to  the 
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other  part  of  the  stand,  and  formed  the  guide  for  the  inner 
one  carrying  the  optical  apparatus  to  Blide  througli ;  under 
these  circumstances  the  rack-work  was  placed  in  the  com- 
pound body  itself;  but  much  greater  stability  iB  ensiued  by 
the  adoption  of  the  former  method.  In  some  iustruments 
tliorc  is  a  third  tube  connected  with  the  compound  body, 
capable  of  being  dniwu  out  to  the  extent  of  five  or  six  inches: 
this  is  termed  the  draw-tube,  into  one  end  the  eye-pieces  fit, 
and  into  the  other  an  erecting-glass  is  made  to  screw.  This 
draw-tube  has  a  scide  of  inches  and  parts  engraved  on  ita 
outer  side,  as  represented  by  fig.  42,  where  a  is  the  eye- 
piece, b  the  npfver  end  of  the  com- 
poimd  body,  and  c  the  draw-tube, 
w^Jth  the  scale  of  inches  and  parts 
on  it-  The  many  uses  of  this  tube, 
and  of  tlie  erecting-glass  also,  will 
be  fully  described  hereafter.  The 
inner  side  of  the  tnbe  carrying  the 
magnifiers  is,  in  idl  cases,  provided 
Avith  one  or  more  stops  or  dia- 
phragms for  cutting  off  the  extra- 
neous pencils  of  light- 

The  next  part  of  the  stJind  in 
importance  is  the  stage  or  appara- 
tuH  on  which  the  objects  arc  to  be 
placed  for  examination ;  this,  in  the 
most  complete  microscopes,  consists 
of  two  or  more  phitcs  of  brass,  one 
of  which,  termed  tJie  stage-plate,  is  capable  of  being  moved  in 
two  directions,  at  right  angles?  to  each  other,  either  by  screws, 
racks  and  pinions,  by  a  combination  of  the  two,  or,  more 
simply,  Ijy  a  ieven  U|>un  tlie  stage-plate  another  plate  id 
adapted,  termed  the  object -plate ;  this  last,  for  the  more  ready 
adjustment  of  t!ie  object  to  be  examined,  is  m.-^de  to  slide  up 
and  down  upon  the  stage-plate,  and  is  generally  supplied  with 
a  raised  edge  at  its  lower  part,  against  which  the  objects 
themselves  may  rest  when  the  stage  is  in  an  inclined  position ; 
sind  sometimes  another  piece  of  bi*ass,  tenned  a  clip,  with  a 
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weak  epmg  in  its  frool  pMrt^  is  made  to  ifide  Wftm  h,  eo  that 
msxj  object,  if  occeaaarr,  maj  be  fiimlj  eecured  between  the 
^p  and  tbe  nuaed  edge.  ^Die  olgecl^platatbeadea  the  in^^ 
naii  up  and  down  on  tlie  etage-fAaie^  aadlkii  in  lw«Mlireo- 
taoos  at  right  angiea  to  each  others  effected  hj  the  wcrewB  or 
laek-worii,  has  akoacsietihir  one  in  a  horinoial  phuw^  wUch 
m  aoeonnpliafaed  bj  moonttng  it  upon  a  rfiort  pieoe  ef  tabe^ 
capable  of  fittbg  into  another  tube  in  the  atage-plale;  on 
thii  tobe  it  tums,  and  hy  it  the  object-phite  is  ako  rused 
above  tiie  woddng  parts  of  the  sta^e-plate  itseE 

The  stage  movements  are  generally  limited  from  half-an- 
tndi  to  two  incfaeB,  so  that  by  the  sliding  up  and  down  of  the 
object-piate,  and  the  distance  the  same  phte  is  capable  of 
hmng  tmrened  arer  by  the  rack-work,  all  parts  of  an  object 
of  eonnderable  size  can  be  brought  in  soocseeeion  into  the 
fieU  of  Tiew.  The  different  methods  of  efiecting  these  stago 
movements  will  be  described  with  the  instrmnents  to  which 
they  are  severally  adapted.  To  the  onder  side  of  the  stage  a 
number  of  other  iostruments  can  be  fitted,  viz.,  the  diaphragm 
plate,  the  achromatic  condenser,  the  lower  pri^m  of  the 
pohiizing  apparatus,  and  the  dark  stops  or  wells^  all  of  which 
win  hereafter  be  described.  To  the  object-plate  also  may  be 
fitted  the  forceps  for  holding  opaque  objeeta,  a  small  oon- 
denaiDg-glas^  and  one  of  Mr.  Ross's  side  reflectors 

The  methods  of  mounting  the  compound  body  and  the 
stage  arc  exceedingly  various,  the  most  improved  plans  are 
represented  in  the  following  figures,  and  for  our  present 
purpose  it  will  be  merely  necessary  to  divide  them  into  two 
classes ;  first  into  those  in  which  the  compound  body  is  sup- 
ported at  its  lower  end,  on  an  arm  capable  of  being  moved 
up  or  down  by  a  rack  and  pinion ;  and,  secondly,  into  ^ose 
in  wlucb  the  compound  body  is  sup[X)rted,  either  by  an  arm 
firmly  attached  to  the  back  of  it,  as  seen  in  %.  21,  when  it  is 
neoesMry  that  the  body  should  be  composed  of  more  than  one 
tnbe>  or  where  its  whole  length  h  8upi>orted,  after  the  plan  of 
^^r.  George  Jackson* 

The  remmning  portion  of  the  stand  of  the  compoimd  micro- 
scope conaietd  of  the  foot  or  basis,  and  of  one  or  more  piUare 
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or  supports  riaing  from  it,  to  which  the  compound  body  and 
stage  are  attiiched.  The  foot  is  generally  a  stout  tripod  of 
brass,  cast  in  one  piece,  or,  for  convenience  of  package,  it  may 
be  composed  of  three  flat  feet,  capable  of  being  slid  one  >vithin 
the  other,  as  in  fig.  21,  or  as  in  two  of  Mr*  Powell's  instru- 
ments of  three  longer  legs,  standing  in  an  inclined  position, 
like  those  in  a  three-legged  stooL  Some  makers  even  use  a 
heavy  circular  foot  instead  of  a  tripod>  but  this,  although 
steady  when  the  instrument  is  upiight,  is  not  so  when  it  is 
inclined.  From  a  foot  of  one  of  the  above  forms  a  stout  pillar 
rises,  liaving  at  its  upper  part  a  cradle-joint,  to  which  both 
compound  body  and  stage  are  firmly  attached,  so  that  when 
the  joint  is  used,  both  these  parts  move  together.  Mr.  George 
Jackson,  having  found  some  difficulty  in  making  a  good  cradle- 
joint,  was  induced  to  use  two  pillars  instead  of  one,  by  wliich 
a  greater  degree  of  steadiness  was  obtained :  his  compound 
body  and  stage  were  coimected  to  both  pillars  by  trunnions, 
on  which  they  were  made  to  turn,  Mr.  Jackson  also  mounted 
his  compound  body  on  a  grooved  bell-metal  aim,  ha\ing  two 
slides,  by  wliich  the  body,  when  moved  up  and  down  by  a 
itick  and  pinion,  was  kept  steady,  a  plan  somewhat  similar  to 
that  adopted  by  Mr*  Ross,  in  one  of  his  early  microscopes,* 
and  which  will  be  more  fully  described  in  the  instruments  of 
Messrs.  Smith  and  Beck,  who  have  iidopted  it.  Mr,  Ross 
usee  the  tripod  foot,  and  two  flat  supports,  not  pillars,  by 
which  the  same  end  is  accomplished  as  by  pillars;  but  tlie 
supports,  he  considers,  are  much  more  free  from  vibration. 
In  some  of  the  recently  constnictcd  ixirtablc  instruments,  the 
stage  is  moimtetl  on  a  strong  pivot,  ou  which  it  can  be  turned 
in  a  direction  at  right  angles  to  the  compoimd  body ;  for  con- 
venience of  package,  the  smallest  instntinents  of  Meaera. 
Powell  and  Ross  are  constructed  on  tliis  principle. 

The  optical  part  of  the  compound  microscope  consists  of 
the  object-glasses,  the  eye-pieces,  and  the  mirror.  The  object- 
ghiaeeB  supplied  with  the  best  instruments  are  generally  cither 
five,  fflx,  or  seven  in  number,  and  vary  iu  their  magniftnng 
power  from  20  to  2,500  diameters ;  they  arc  ctdled  two-inch, 
*  Art.,  Microscope  Penny  Cyclopaedia. 
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one-inch,  half-inch,  one-quarter,  one-eighth,  one-twelftlij  and 

one-fiixtcenth ;  but  it  must  be  imderjstood  tliat  these  names 
are  not  deriveil  from  the  distance  the  bottom-glass  of  each 
combination  is  from  the  object,  but  from  a  fact  found  in 
pructiec,  that  a  thin  single  lena,  to  magnify  the  same  number 
of  diameters  a^  any  of  the  preceding  achromatic  combinations, 
would  be  rcc|yired  tu  be  of  the  same  focal  distance  as  tliat 
^ven  to  the  others  by  name.  In  other  words,  if  a  ^gle 
huA  were  made  the  object-glaes  of  a  compound  microscope, 
and  if  it  were  necessaiy  to  employ  a  power  equal  to  that  of 
the  one-fom-th  achromatic  combination,  witli  the  siime  com- 
poiuid  body,  it  would  be  found  tliat  a  tliin  single  lens  of  one- 
quarter  of  an  inch  focus  would  be  required  to  give  that 
power.  It  w^ould  be  more  useful  in  practice  if*  the  name 
given  to  each  of  the  ohject-^^UyjScs  were  expressive  of  tlie 
magnifpng  power  instead  of  being  derived  in  the  manner  above 
described ;  and  if  we  take,  for  instance,  the  glasses  called  the 
half-inch,  aa  cony  true  ted  by  each  of  our  three  eminent  makers, 
and  eomfMtrc  them  together,  we  shall  find  that  all  tlirec  will 
ilifltr,  more  or  less,  in  their  magnifying  powder,  and  still  they 
all  bear  the  name  of  lialf-ineh ;  nor  do  two  glasses,  similar  in 
name  and  even  of  the  same  maker,  often  agree  exactly;  hence 
it  would  be  y^ry  desimhlc  in  practice  to  apply  a  term  to  them 
whicli  should  express  their  magnifying  power,  but  such  a 
nomenclature  could  not  at  this  advanced  period  be  easily 
carried  out. 

The  eye-pieces  supplied  with  tlie  comjiound  achromatic 
microscopes  are  generally  three  in  number,  and  tlte  form 
employed  is  that  known  liy  the  name  of  the  Huyghenian,  it 
ha\ing  been  first  employed  by  Uuyghens  for  his  telescopes, 
Ea4*h  one  consists  of  two  planoconvex  len>ses  placed  at  a  dis- 
tance from  each  other  equal  to  half  the  sum  of  their  focal 
lengths,  the  plane  surfaces  of  the  lenses  are  towai-ds  the  eye, 
and  tl)at  nearest  the  eye  is  termed  the  eye-glass,  whilst  that 
most  distant  is  temied  the  field-glass.  A  stop,  or  diaphragm, 
IS  placed  about  half-way  between  the  two  lenses ;  this  arrange- 
ment was  adopted  by  Ilnyghens  for  the  piiq>ose  of  diminishing 
the  spherical  aberration  by  producing  the  refnictione  at  two 
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g^mci  instead  of  one,  and  of  materially  Increasing  the  field  of 
view ;  but  it  wns  reserved  for  Boscovich  to  point  out  that 
another  valuable  property  of  tills  eye-piece  was  the  correction 
of  a  great  part  of  the  chromatic  abcmition  as  welL  This 
snbject  has  been  since  critically  examined  by  Mr,  Varley, 
and  to  his  paper,  in  the  fifty-fii'st  vohmie  of  the  Tnmsaetionis 
of  the  Sm^ieti/  of  Arfs^  I  would  refer  tho»e  of  my  readers  who 
would  wish  to  gain  more  information  upon  the  matter.  An- 
other eye-piece  8omctiine.s  employed  is  one  the  invention  of 
Kamdden ;  it  consists  of  two  planoconvex  lenses  as  in  that  by 
Huyghens ;  but  the  fiel<l-gla?s  is  reversed,  or  its  plane  surface . 
is  placed  farthest  from  the  eye-glass;  this  instrument,  which 
will  be  again  alluded  to  in  the  chapter  on  micrometers,  is 
cliiefly  need  when  it  is  required  to  measure  the  magnified 
image  of  any  object,  hence  it  has  been  frequently  called  the 
micrometer  eye-piece,  the  divided  glass  being  placed  imine- 
diately  in  front  of  the  field-lens.  When  this  eye -piece  is 
useil,  the  image  of  an  object  is  seen  in  its  natural  situation ; 
but  in  the  Iluyghenian  form  it  is  reversed,  hence  tlie  fonner 
has  been  called  a  po.'^itive  eye-piece,  and  the  latter  a  negative 
one. 

The  mirror  generally  consists  of  a  frame  of  brass,  in  which 
are  set  two  silvered  glasses,  one  conceive  the  other  plane, 
which  should  not  be  less  tlian  two  inches  in  diameter;  the 
former  reflects  the  light  in  converging  the  latter  in  parallel 
rays.  For  t^icility  in  adjustment,  the  frame  carr}'ing  the 
glaaies  is  made  to  turn  in  every  direction,  by  means  of  joiuts, 
and  in  the  best  microscopes  it  is  adapted  to  a  tube  on  which  it 
can  be  slid  either  up  or  down,  and  so  be  approximated  to  the 
under  surface  of  the  stage,  in  order  that  the  rays  reflected 
from  the  concave  surface  may  be  brought  into  a  focus  or  not 
upon  any  given  object  on  the  stage.  In  some  microscopes 
the  plane  mirror  is  replaced  by  one  made  of  plaster  of  Paris, 
w^hich  reflects  a  soft  wliite  light.  Mr.  Varley  has  suggested 
a  plan  of  covering  the  plane  mirror  witli  pounded  glass,  or 
carbonate  of  soda,  by  which  means  the  light  of  a  bright  cloud 
opposite  the  sun  may  be  artificially  imitated,  and  even  the 
rays  of  the  sun  itself  mj^y  be  reflected,  and  so  produce  a  soft 
white  light.     The  diflferent  modes  of  using  the  mirror  will  be 
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alluded  to  in  the  chapter  devoted  to  the  iUmnination  of  micro- 
•oopic  dbgects,  where,  alao,  will  be  described  several  other 
inMmmcDlSy  whereby  the  quafity  of  the  light  may  be  mate- 
rially mod^ed. 

Having  now  described  all  the  parte  esKntiai  to  a  c^ompound 
aohromatic  mocroecopey  let  us  direct  our  attention  to  the  dif- 
fereal  amazements  adopted  by  omr  three  principal  midcen  to 
render  the  mechanical  part  the  most  effective,  and,  in  doing  ms 
we  will,  as  in  all  other  casefi,  take  the  named  of  the  manu- 
fiurtiirere  in  alphabetical  order,  not  giving  any  preference  to 
the  workmanship  of  one  over  tliat  of  another,  but  giving 
always  credit  where  it  may  be  due. 


1CB88B&  POWXLL  AXD  LRALAKD  S  ACHBOMATIC  COMFOUKD 
MICROSCOPE. 

This  instrument,  first  described  in  the  Microscopical  J^mfnet^ 
Vol  L,  page  177,  is  represented  by  fig.  43,  and  stands  on  a 
firm  tripod  base  of  bra^  on  which  is  a  circular  plate,  to  thia 
two  stout  pillars  are  attached,  bearing  at  their  upper  extremi- 
ties the  ends  of  the  tnmnions,  on  which  a  strong  piece  of 
metal,  giving  attachment  to  the  compoimd  body  and  the 
etage,  is  supported ;  by  means  of  the  circular  plate,  the  pillai9 
can  be  turned  upon  tlie  tripod,  and  the  weight  of  the  com- 
pound body  and  stage  brought  over  one  or  more  of  the  feet  of 
the  tripod,  and  the  instrument,  therclbre,  rendered  more 
steady*  This  plan  of  using  the  double  pillar  was  first  applied 
by  Mr-  George  Jackson,  in  1838,  luid  possesses  the  advantage 
of  being  light  and  of  distributing  the  weight  of  the  superincimi- 
bcnt  parts  more  equally  on  the  tripod  than  where  only  one 
pillar  is  employed.  The  comiK)und  body  is  supported  nearly 
the  whole  of  its  length  on  a  strong  arm,  having  a  hollow  frame 
at  its  top,  after  a  plan  first  described  by  Mr.  Powell,  in  the 
fifty-third  volume  of  the  Transactions  of  the  Societi/  of  Arts, 
The  coarse  adjustment  is  made  by  a  rack  and  pinion  contained 
within  the  frame  above  noticed,  and  the  latter  turned  by 
the  large  milled  bead  A;  in  order  tliat  the  compoimd  Ixxly 
may  l>e  moved  eaflUy  and  still  be  very  steady,  it  is  attached 
to  a  cradle  resting  upon  two  rollers,  one  inch-and-«-quarter 


76 


PRACTICAL  TREATISE  ON  THE  MICROSCOPE, 


wide,  and  three-and-a-half  inchee  apart,  thie  being  equivalent 
to  a  trlangukr  bar  of  the  same  size.  The  fine  adjustment  k 
luade  by  a  screw  with  a  cone,  against  which  the  cradle,  or 
portion  of  hmsB  attached  to  tlie  body^  is  firmly  pressed  by 
nicatLii  of  a  spring ;  one  of  tlie  milled  heads  of  the  fine  adjust- 
ment is  seen  at  B.  By  this  method  of  mounting  the  com- 
pound b<xly,  all  tendency  to  nm  down  by  its  own  weight  is 
prevented,  in  consequence  of  its  motion  being  that  of  a 
eliding  combined  with  a  rolling  one.  The  lower  part  of  the 
arm  carrj'ing  the  compoimd  body  at  I  is  provided  with  a 
conic-ftl  pin  fitting  into  the  piece  of  metal  supporting  the 
stage ;  by  this  a  ciretdar  motion  is  obtained,  and  the  body 
C4in  be  turned  away  from  the  stage,  so  that  an  object  placed 
iil>on  it  can  be  properly  adjusted  before  the  body  is  brought 
over  it.  The  stage  is  of  the  form  first  constructed  by  Mr. 
TurrcU,  and  described  by  Idin  in  the  forty-ninth  volimie  of 
the  Transactions  af  the  Society  of  Arts,  It  has  a  motion  each 
way  of  three-i|unrtcp3  of  an  inch  in  extent,  that  from  side  to 
Hide  being  ctfected  by  a  screw  turned  by  the  milled  head  C, 
wbili*t  the  up  and  tlown  motion  is  performed  by  a  rack  and 
pinion  in  connection  with  the  milled  head  D.  The  stage- 
plute  has  n  cirtndar  motion,  and  on  it  is  a  spring  clip  H,  for 
mvuring  tlie  objects  when  the  instrument  is  inclined,  A 
small  arm  E  is  seen  underneath  the  stage ;  this  carries  the 
dark  welK  tu  be  useil  when  small  opaque  objects  are  ex- 
uniJUiHl  by  the  IjiiberkiUm.  The  mirror  is  mounted  rather 
differently  to  tljose  supplied  with  other  microscopes  j  inBtead 
of  u  Mcmicin^lc  of  bniss,  witb  two  pins,  on  which  the  frame 
coutaininp;  the  roiieetore  may  tiu-n,  tliere  is  a  quadrant  of 
brjii*8,  having  at  one  end  a  strong  pin  on  which  the  frame  is 
turned  up  or  down,  and  at  the  other  end  a  still  stronger  one, 
fill  which  the  ([UJulnuit  and  the  frame  together  are  capable  of 
being  revolved;  tliis  last  fits  into  a  short  piece  of  tube, 
made  to  slido  cither  up  or  down  the  long  tube  attached  to 
thti  iHitt^vni  uf  the  stage,  by  which  the  mirror  is  connected 
with  tlic  other  part  of  the  stiuid;  the  reflectors  themselves 
arc  both  phme  imd  concave^  as  in  other  instruments.  With 
tliit*   iirKToi<tco{>e   lye   supplied    an    achromatic   condenser^   a 
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micrometer,  frog-plate,  vial-holder,  small  and  large  condensing 
lens,  steel  disc,  a  substitute  for  the  camera  Incida,  polarizing 
prisms,  and  many  other  important  pieces  of  apparatus  ;  and 
the  price  varies  from  forty  to  seventy  guinea*?,  depending 
upon  the  number  of  the  powers  and  the  apparatus  at- 
tached thereto ;  the  powers  theniBelvee  range  from  the  two 
inch  to  the  one-sixteenth,  and  magnify  from  20  to  2,50() 
diametei's. 

A  second  microscope,  constructed  by  Messrs.  Powell  and 
Lealand,  and  known  by  itvS  being  mounted  on  tliree  legs,  is 
descrilHHl  in  the  Ltrndmi  Phi/swlo^ical  Joumal,  page  63,  and  is 
represented  by  fig,  44*  The  tlu^ee  legs  inclined,  as  seen  in 
the  figure,  support,  at  their  upper  part,  the  tnmnions  to 
which  the  tuhc  J  and  the  stage  are  attached*  From  out  tlie 
tube  J  a  triangular  bar  is  raised  by  a  rack  and  pinion  con- 
nected with  tlie  large  milled  head  A.  To  the  up}>er  part  of 
the  tiiangular  bar  a  broad  ann  is  fixed,  bearing  the  compound 
body ;  this  arm  is  hollow  and  contains  the  mechanieui  for  the 
fine  adjustment,  which  is  effected  by  turning  the  milled  head 
B.  The  arm  is  connected  to  the  triangular  bar  by  a  strong 
conical  pin,  on  winch  it  turnB,  so  that  the  compoimd  body 
may  be  moved  aside  from  the  stage  when  necessary.  The 
stage  is  similar  to  tliat  described  in  tlie  preceding  instrmnent, 
and  is  capable  of  being  moved  from  side  to  aide  by  the  milled 
head  C,  and  up  and  down  l>y  that  at  D*  TfYlien  both  are 
tume<i  together,  a  diagonal  movement  is  produced,  the  axis  of 
D  is  carried  through  to  the  opposite  side  of  the  stage,  where 
there  is  another  milled  head,  so  tbat,  if  necessary,  both  liands 
may  be  employed  at  the  same  time.  The  achromatic  con- 
denser is  represented  as  fixed  into  its  place  at  the  bottom  of 
the  stage,  where  also  may  be  seen  the  aim  E  for  tbe  stops  or 
dark  wells.  The  mirror  G,  and  the  spring  clip  to  the  stage 
H,  are  aU  similar  to  tlioae  described  in  the  fonuer  instrument. 
In  order  to  render  the  compound  bc»dy  exceedingly  steady, 
two  small  nxls,  springing  from  the  arm,  are  att4iched  to  the 
back  part  of  the  body  a  little  above  the  centre.  To  tliis 
microscope,  as  well  as  to  the  preceding,  all  the  appamtus 
tiaere  mentioned  can  be  fitted.      The  stand  itself  is  not  so 
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costly  BE  the  first  described ;  and,  altliough  much  lighter  and 
more  portable  than  it,  is  nevertheless  imcommonly  steady, 
from  all  the  parts  being  acxiurately  balanced^ 


MESSRS.  FOWEI^h  AND  LEALAND  S  PORTABLE  MICROSCOPE, 

One  of  tlie  most  portable  and  convenient  forms  of  compound 
microscope  is  that  miide  by  Messrs,  Powell  and  Lealand,  and 

represented  by  iig.  45,  about  one-tliird  of  its  actual  size*  It 
is  supported  on  tliree  legs  A  B  C,  cajmble  of  being  fbldcd  one 
upon  the  other,  and  when  so  folded  can  be  broiiglit  in  a  lino 
with  the  tube  1)  E  su|>porting  the  stage  G  and  the  mirror  F, 
and  through  which  slides  the  triangular  bar  H,  having  at- 
tached to  it  the  ann  I,  carrying  the  compound  body  L  K, 
which  last,  for  convcaienee  of  pacLage,  U  made  to  unscrew  at 
K,  and  the  eye-piece  L  being  removed,  the  folded  legs  can  be 
passed  thi-ough  the  tubidar  part  of  the  body,  imd  both  together 
laid  puniUel  with  the  tube  D  E,  Tlie  legs  are  connected  to  the 
tube  D  E  by  a  strong  curved  piece  of  bmss  SI,  wliich  winds 
round  to  tlie  opposite  side  of  the  tulje,  and  a  stout  pin,  w^lth  a 
screw  nut,  serves  as  an  axis  u|)on  which  the  tube  D  E,  and  all 
that  IB  attached  to  it,  can  be  turncfl  from  a  vertical  to  a  hori- 
zontal position.  The  BtSLge  G,  which  presents  a  box-like 
appearance,  is  also  capable  of  being  turned  into  a  position 
pandlel  w^itli  the  folded  legs,  by  drawing  back  the  sliding- 
piece  P,  which,  when  in  use,  keeps  it  in  a  horizontal  position. 
The  apparatus  for  moving  the  stage  is  contained  within  the 
box  Cr,  and  is  similar  to  that  employed  by  Messrs*  Powell  imd 
Lcaland  in  their  other  larger  instruments,  the  up  and  down 
movement  being  peribrracd  by  turning  the  milled  head  N, 
and  that  from  side  to  side  by  the  larger  milled  head  O,  The 
slide  Q  is  for  the  puipose  of  supporting  the  object  when  the 
microscope  is  inclined,  and  in  it  are  two  sockets  for  receiving 
the  forceps  for  hohhng  opaque  objects.  To  the  under-^ide  of 
the  stage  are  attached  a  diaphragm  and  a  small  arm  for  carry- 
ing the  dark  stops  or  wells ;  and,  should  it  be  required,  an 
achromatic  condenser,  or  polarizing  prism,  may  be  fitted  into 
the  place  occupied  by  the  diaphragm.     The  coarse  adjustment 
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which  the  object-glasses  are  attachedj  is  slowly  raised  or  de- 
pressed- The  mirror  F  is  made  to  slide  up  and  down  the 
tube  D  E,  and  being  moimted  on  a  semi-circular  arm,  can  be 
turned  in  ever}^  possible  direction. 

One  great  value  of  this  microscope  is  ita  extreme  portability, 
as  the  whole  n[ij>aratu&^,  cont*isting  of  tlie  above  described 
inetnuucnt,  together  with  four  objcct-glasscBj  two  eye-pieces, 
animalcule  cage,  dark  stops,  forcep®,  &c.,  can  be  packed  in  a 
box,  the  internal  meaBurenient  of  which  is  nine  inches  long, 
five  broad,  and  two  inches  deep, 

Bemdes  the  three  preceding  microscopes  of  Messrs,  PoweD 
and  Lealand,  there  are  two  others  made  by  them  which  re- 
quire especiiJ  mention.  The  first  of  these  is  of  large  size,  and 
consists  of  a  heavy  tripod  base,  from  which  rises  a  short  stout 
pillar,  having  a  cradle  joint  at  its  summit » to  which  is  attached 
a  triangidur  Imr,  fifteen  inches  in  length,  and  each  of  whose  sides 
is  one-iiich-and-a-(]uarter  broad.  To  the  middle  of  this  bar 
a  stage,  seven  inches  square,  is  fixed ;  it  has  the  same  kind  of 
adjiustments  m  those  of  the  smaller  instnunents,  being  made 
aUo  on  Mr.  TurreU's  plan ;  the  eonvenience  of  the  large 
stage  being  tliat  the  hands  do  not  interfere  witli  the  object 
when  adjusting  it,  T!ie  milled  heads  for  effecting  the  adjust- 
ment are  placed  in  a  line,  so  that  one  hand  only  is  required  to 
move  the  stage  in  two  directions.  The  compound  body  is 
firmly  supported  on  the  upjier  half  of  the  triangiihir  bar  by  a 
frame  which  fit^  the  liar  acem-sitely,  and  is  made  to  move 
smoothly  up  or  down  by  rack  and  pinion,  turned  by  two  milled 
hcuds;  the  compound  body  is  also  capable  of  being  turned 
away  from  over  the  stage  by  means  of  a  joint  in  the  frame 
supporting  it,  Tlie  fine  adjustment  is  made  by  an  endless 
screw  and  two  inclined  planes;  it  ha^  also  two  milled  heads, 
only  two  inches  apart  Irom  the  coarse,  but  both  horizontal 
and  parallel  with  them;  by  this  means,  the  hand  may 
be  passed  from  one  to  the  other  very  readily*  To  the 
lower  part  of  the  triangular  bar  is  ailapted  tlic  mirror,  which 
is  of  the  same  construction  as  that  pre\*iousIy  described,  but  is 
capable  uf  being  nmved  up  and  flown  on  the  triangular  bar 
hy    rack   rual    iiinion ;  tlxc  achromatic  condenser  is  attached 
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tu  the  mirror,  and  b  moved  with  it  oo  the  bar,  »o  that 
the  axes  of  its  lenses  may  coincide  with  those  of  the  object- 
glassee.  To  the  stage  may  be  fixed  all  the  usual  apparatus 
and  even  a  fnimc  of  large  size  for  hokling  such  objects  us  are 
three  or  four  inehea  broad*  The  weight  of  this  instrument  is 
very  great,  and  it  is  runiarkuble  for  its  steadiiie&s  and  for  the 
excellence  of  tlie  workuiauship :  ite  price,  with  all  the  appara- 
tus complete,  approaches  nearly  to  one  hundred  pounds*  In 
consequence  of  the  great  amount  ol*  labour  expended  in  itts 
construction,  and  its  neceeearily  high  price,  the  demand  for 
this  microscope  has  not  been  great  for  the  last  few  years,  the 
three  previously  described  ha\dng  in  a  mcasiwc  superseded  it* 
Another  very  uBcful  uiicrovseope  for  general  purposes,  made  by 
Messrs.  Powell  and  Lc aland,  is  much  less  coetly  than  any  of 
the  otliers,  the  tripod  and  supports  for  the  compound  body 
and  stage  being  made  of  cast-ii'on ;  the  stage  is  of  large  size, 
and  tliey  have  lately  etlected  a  great  improvement  in  it  by 
midsing  it  adjustable  by  a  lever ;  in  the  st^iges  hereafter  to  be 
described  with  the  lever  movement ;  two  or  uiore  plates  are 
employed,  but  in  this  instrument  one  only  is  used,  and  it  per- 
forms uncommonly  well,  being  very  steady  even  with  the 
liigbest  powers.  The  comjwund  botly  is  supported  on  an  arm 
fixed  to  the  back  of  it,  and  tlie  coarse  adjustment  is  made  by 
rack  and  pinion,  the  fine  by  a  screw  acting  on  the  end  of  a 
lever.  This  microscope  is  available  tor  all  the  purposes  to 
which  the  more  costly  ones  are  applied,  and  is  particidarly 
useful  to  the  medical  student,  to  whom  its  low  price  is  also  a 
great  recommendation, 

HB*  Ross's  COMFOin?D  AND  SIMPLE  MICROSCOPE. 


This  instrument,  first  described  by  Mr.  Hobs,  in  tlie  London 
Physiological  Journal^  in  1843,  is  represented  by  Plate  1 ;  and 
as  no  language  of  mine  could  convey  so  gocwi  an  idea  of  its 
construction  as  that  given  by  Mr.  Ross  himself,  I  will  here 
take  a<l vantage  of  it,  and  quote  his  own  words ; — 

"  The  mechanical  construction  represented  in  Plate  1,  ia 
derived  Irom  a  practical  acq^uaintance  with  the  various  im- 
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provements  made  in  the  micixjecope  for  the  laat  twelve  years. 
The  general  arrangement,  whii^h  is  properly  the  province  of 
the  me€lmiuc,  has  been  contrived  to  obtain  the  iitmoat  freedom 
from  tremor,  and  to  afibrd  the  greatest  tticility  in  using  the 
various  movements,  while  the  extent,  directionj  and  number 
of  these  have  been  collected  from  the  ex|ierience  of  the  most 
indefatigable  observers  in  all  the  various  branches  of  micro- 
scopic inquiry.  Nearly  three  hundred  instruments  have  been 
made  on  the  plan  here  represented,  and  as  no  alteration  or 
addition  lias  been  ibimd  neceai^ary  for  the  accoinplislunent  of  all 
the  modes  of  microscopic  investigation  at  present  employed, 
the  meehanicnl  structure  of  the  microscope  stand  may  be  con- 
eidered  thus  fsir  estabhi?hed* 

"  The  optical  part  also  has  arrived  at  such  perfectionj  that 
p.^Jnta  or  lines,  whose  distance  la  such  that  their  sepamtion  is 
bordering  on  ijiterfering  with  the  physical  constitution  of 
lights  can  be  distinctly  separated ;  thus  ensuring  a  reality  in 
the  appearance  of  objects,  where  the  minuteness  of  their 
detail  approaclies  the  natund  limit  of  microscopic  vision, 

"  Description  of  the  Instrument^  (Plate  1.) 
•*  A  A  are  two  uprights,  strengthened  by  intemal  but- 
tresses, mounted  on  a  strong  tripod  B,  at  tlie  upper  part,  and 
between  the  uprights  is  an  axis  C,  njKm  which  the  whole  ot 
the  upper  part  of  the  instrument  turns,  so  as  to  enable  it  to 
take  a  horizontal  or  vertical  position,  or  any  intermediate 
inclination,  such,  for  instance,  as  that  shown  in  the  plate. 
This  moveable  part  is  Jixed  to  the  axis  near  its  centre  of 
gravity,  and  consists  of  the  stage  DD,  the  triangular  bar 
and  its  socket  E  and  F,  the  arm  G,  which  c^irries  the 
micro8co{>e  tube  H,  and  tlie  mirror  I.  The  stage  D  D  has 
rectangular  movements,  one  inch  in  extent,  on  the  racked 
cylinders  a  a,  and  are  moved  hy  pinions  connected  with  the 
milled  hea^ls  h  h* ;  it  also  has  the  usuiil  appendages  of  force|>s 
to  hold  minute  objects,  and  lens  to  condense  tiie  light  upon 
them.  The  triangular  bar,  together  with  the  ann  and  micro- 
scope tube,  is  moved  hy  the  milled  heads  ee^  and  a  more 
delicate  adjustment  of  tliis  optical  part  is  eficeted  by  the 
6*   ' 
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milled  head  f,     Tbe  otlier  milled  head  y  fixes  the  arm  G  to 
the  triangular  bar. 

"  The  outlme  of  the  stnictiire,  as  before  obscrv'CKl,  has  been 
arranged  to  obtiiin,  fir^st,  tlie  utmost  freedom  from  tremor; 
and,  eecondly,  to  affui-d  the  greatest  facility  in  using  the 
various  movemeuts. 

"  In  experijtieutiiig  to  obtain  the  first  of  these  conditions,  I 
euapended  the  moveable  pail  of  the  instrument  near  the  centre 
of  gravity,  and  employed  the  inverted  pendukun  (an  instru- 
ment contrived  to  indicate  othervvii^*  insensible  vibrations)  to 
arrange  the  form  and  quantity  of  material^  eo  aa  to  produce^ 
as  nearly  as  possible*  an  etjuality  of  \ibnition  throngliont  the 
wliole  instrument;  hence  the  object  upon  the  stiige  and  the 
optical  part  vilirating  equally,  no  virible  vibration  is  cauBed* 
The  an'angeinent  for  aeouniplishing  the  second  condition  is, 
first,  tliat  the  whtile  movement-s  sliould  be  as  near  the 
ba^  of  the  iustnunent  as  is  consistent  with  the  greatest 
proximity  among  thems^elves ;  then  the  milled  heads  e  and  f 
for  moving  the  triangular  bar,  and  the  fine  luljustment  for  the 
optical  part,  should  be  moved  by  the  left  hand,  while  the 
heads  b  b\  for  the  movement  of  tlie  stage,  slionld  be  worked 
by  the  right  hand.  The  other  milled  head  e  is  convenient 
when  the  right  hand  may  be  unemployed  with  the  stage 
movements.  The  positions  of  the  milled  heads  h  //  arc  ex- 
tremely convenient,  as  the  middle  finger  may  be  placed  under 
by  and  the  fore-finger  under  b\  and  the  thumb  passed  from  the 
one  to  the  other  in  the  most  natural  and  easy  manner.  The 
left  hand  is  also  readily  shifted  from  the  miUed  head  r,  to 
employ  the  fore  or  middle  finger  to  move  the  screw  head  f* 
This  head  is  connecteil  %vitli  a  screw  and  lever,  wliich  makes 
one  revolution  of  it  move  tlie  optical  part  one-three-hundi-edth 
of  an  inch.  This  an-angement  atibrds  an  elastic  movement  to 
the  end  of  the  tube,  as  a  guard  against  injuring  the  glasses  or 
the  object  under  exaniination/' 
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MR.   ROSSS  PORTABLE   ACITROMATIC  COMPOUKD 
MICROSCOPE. 

This  metrument  h  represented  by  fig.  46,  and,  like  the 
Istrger  one,  13  supported  on  a  firm  triptwl  base  </,  from  wlncli 
rise  two  etrong  uprights  &,  supporting  at  their  iip]>er  parts  the 
trunnions  to  wliioh  the  square  fi*miie  r,  can*}  log  the  stage  and 
the  tube  J,  are  attai'hcd.  Witliiu  the  tube  d  a  smalk'r  tube 
18  made  to  slide  up  and  down  by  nick  and  pinion,  the  fonner 
is  seen  at  w,  the  latter  lieing  turned  by  the  milled  head  o; 
tins  forms  the  coarse  adjust uii.'nt.  To  the  upper  part  of  the 
inner  tube  a  very  stout  arm  e  is  attached  by  the  sercw  /,  on 
whieh  the  arm  may  be  turned ;  into  the  o[>posite  end  of  the 
ann  the  compound  body  g  is  screwed.  The  fine  adjustment 
consists  of  a  conieiil-pointed  atcel  screw  pressing  against  the 
top  of  a  slit  in  an  inner  tube,  to  the  end  of  vvliieh  the  adapter 
for  rceei\ing  the  object-glas^ses  is  fixed.  The  stage  has  the 
usual  rectangular  motions,  that  from  the  side  being  performed 
by  a  screw  and  nut,  by  tnrniug  the  milled  head  jt,  wlulst  the  up 
and  down  movement  is  performetl  l>y  rack  and  pinion,  by 
turning  the  milled  head  k.  The  stage-plate  is  provided  with 
a  sHding-rest  /,  by  which  the  distance  of  an  object  from  the 
central  hole  in  the  plate  may  be  regulated  before  focussing; 
this  answers  the  purpose  of  the  complicated  sliding  frame  in 
the  more  expensive  instnnnents.  At  the  upper  part  of  this 
stage-plate  there  are  two  boles  for  the  reception  of  the  forceps 
and  side  reflector.  To  the  under  part  of  the  stage  the  achro- 
matic condenser,  the  dinpbnigm«phite,  the  dark  wells,  and 
polarizing  prism,  niay  all  be  adapted  aa  in  the  larger  instru- 
ments; and,  for  couvcnience  of  package,  the  stage  itself  may 
be  turned  on  a  pivot,  so  as  to  lie  at  right  angles  with  the 
tube  d.  The  mirror  m  is  mounted  in  the  usual  manner,  and 
is  capable  of  being  raised  up  or  down  the  tube  d,  on  whicli  it 
is  supported. 

This  stand,  hke  the  preceding,  is  constructed  on  a  plan 
ascertained  by  Mr.  Ross,  after  a  lengthened  series  of  investi- 
gations, to  be  the  most  steady,  and  is  j^artieularly  t^o  be 
recommended  to   those  whose  means  are   limited,  in  conse- 
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quencc  of  its  low  price,  it  being  of  a  form  which  may  be 
added  to  from  time  to  time  according  to  the  wants  of  the 
employer;  thus,  for  instance,  a  vertical  Btand,  with  two  eye- 
pieces, exclusive  of  the  object-glasses,  may  be  procm'ed  with- 
out the  stage  movements  or  the  fine  adjustment,  at  tlje  small 
cost  of  £4  10a;  and  as  l>oth  the  stage  and  the  com|iound 
body  are  of  the  eanie  size  in  the  ^'crtical  as  in  the  pertect 
iBstrumcnt,  tlie  fine  adjustment  and  stage  movements  may  be 
added  to  the  former  at  any  time,  and  render  it  as  complete  as 
that  represented  by  %.  46, 

For  convenience  of  package,  the  compound  Ixxly  may  be 
unscrewed  from  the  arm  e,  and  the  entire  instrmnent,  together 
with  condensing  lens,  forceps,  animalcule  cages,  &c.,  be  fitted 
into  a  case  seven-and-a-half  inches  high,  six-and-a-half-inches 
broad,  and  five-and-a-halt-inches  deep;  or,  if  preferred,  the 
foot  a  may  be  removed  from  the  uprights  />,  and  the  stage 
being  turned  parallel  with  the  axit^  of  the  tube  f/,  the  whole 
will  pack  in  a  flat  box  seven-and-a-half-ijiches  long,  five-and-a- 
hah'-inelie8  broad,  and  tvvo-and-a-half-inches  deep. 

Besides  the  two  preceding  instruments,  llr.  Eoss  has  made 
many  other  forms.  One  of  the  best  of  these  ia  described  and 
figured  in  the  article  **  llicroscope,^  in  tlie  Pf^nm/  Ct/ehpfcdia ; 
this  was  the  instrument  ha\ing  the  middlc-tliird  of  the  com- 
pound body  supported  by  a  triangular  cnulle  on  a  bell-metal 
arm,  which  suggested  to  l\Ir,  Jackson  the  plan  of  attaching 
the  entire  length  of  the  body  to  an  ami  somewhat  of  the 
same  kind,  but  with  dove-tailed  sHde^,  for  it  to  move  up  and 
down  on. 

The  stage  which  Mr,  Ross  adapts  to  his  microscopes  differs 
in  some  few  respects  from  those  employed  either  by  Mr. 
Powell  or  Mr.  Smith:  the  movements  are  effected  by  two 
racks  and  pinions  placed  at  right  angles  to  each  otlier,  and 
either  ^vorkcd  by  milled  heads  phiced  underneath  the  stage  at 
right  angles  to  the  movements,  or  else  as  seen  in  Plate  I, 
where  they  are  both  in  the  sauic  plane  w^ith  them;  in  the 
portable  instrument  there  is,  however,  a  screw  intrmiuced 
instead  of  a  rack,  by  which  the  movement  from  side  to  side  is 
effected ;  but  the  screw  is  a  fixture,  and  the  stage-plate,  witli 
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the  milled  hciwl  attiiched,  is  moved  backwards  and  fons^ards  on 
the  ecrew. 

To  all  Mr,  Ross's  instruments  the  achromatic  condenser, 
the  polfiriziiig  prism,  and  other  appanitns,  are  capable  of  being 
mlapted,  but  there  is  no  dmw-tube  to  the  compound  body  in 
any  of  them  to  be  used  with  tlic  erccting-^kss  or  micrometer 
eyC"piece,  as  in  those  of  Messrs,  Smith  and  Beck^  as  the  form 
of  eye-piece  employed  by  Mr.  Boss  docs  not  require  such  an 
addition* 


MESSRS.  SMITH  AND  BECKS  LARGE  ACHROMATIC  COMPOUND 
MICROSCOPE. 

This  instrument  is  represented  by  Plate  2,  and  conBista  of  a 

firm  tri|K)d  base  A^  upon  the  centre  of  wbic^h  the  .^tout  circular 
plate  B  is  capable  of  being  revolved;  into  tliis  plate  two  strong 
pillars,  C,  are  screwed :  these  at  their  upper  parts  support  the 
trunnions  to  wliich  the  bell-metal  arm  D,  and  the  stage  E,  are 
attached,  and  by  means  of  which  tliis  part  of  the  instrument 
can  be  inclined  at  any  angle.  Tlie  ami  supports  the  entire 
length  of  the  compound  bcwly  F  on  its  inner  edge,  winch  is 
ploughed  out  in  such  a  mnnner  as  to  receive  two  brass  rods 
or  guides  attached  to  the  compound  body ;  one  of  these,  which 
is  soldered  to  the  whole  length  of  the  bwly,  is  of  a  triangular 
figure,  and  to  its  apex  is  screwed  a  thin  flat  piece  of  metal  of 
corresponding  lengthy  about  fivcK-'ightlis  of  an  iiieh  broad,  antl 
one-eighth  of  an  inch  thick,  ha\ing  a  rack,  or,  sometimes,  two 
racks,  cut  on  its  outer  or  unattached  side ;  tlie  former  guide 
fita  into  a  triangular  channel  plouglied  out  of  the  arm,  and 
the  latter  slides  into  a  channel  of  the  same  shape  as  itself 
immediately  at  the  back  of  the  triangidar  one  ;  the  triangular 
guide  forms  a  firm  supjiort  for  the  bmly  to  rest  upon,  and  the 
flat  guide  answers  the  pm'pose  of  keeping  the  first  in  close 
opposition  with  the  channel,  whilst  by  the  rack  at  its  back 
the  roovement  of  the  body  up  and  down  the  ann  is  effected 
by  the  pinion  connected  with  the  milled  head  G,  which 
fonuB  the  coarse  adjustment  There  is  a  draw-tube  at  the 
upper  end  of  the  body,  into  which  the  eye-pieces  and  erecting- 


glaeiB  fit*  and  to  Ae  lowtr  end  dkere  k  fined  s  dkcvt  tnlw'« 
carrving  die  ofa^ect-glas^e? :  diis  is  moT^d  up  and  d<y«-n 
bIowIt  by  the  screw  H.  acth^  on  die  end  of  a  lerer,  and  «> 
forms  the  fine  afdynstznent.  The  ?<ag>?  adapted  u>  tlus  insou- 
ment  may  be  one  of  two  forms,  either  one  whose  movements 
are  efiected  by  a  leTer,  or  eke  another  coii>inKTed  i-o  the 
plan  <^  Mr.  TnrrdTs,  in  which  the  up  and  down  mocii«i  is 
produced  by  a  rack  and  pinion,  and  that  &om  side  to  ^de  by 
a  screw  whose  axis  is  carried  across  to  the  o|^M);5ite  side  c^ 
the  stage,  and  there  can  be  tamed  by  the  left  l^^iki.  The 
lever  stage  is  represemed  as  attached  to  the  instrument :  this 
is  constrocted  after  the  (dan  of  that  of  Mr.  AUrcd  Wlute, 
and  described  by  him  in  VoL  L  of  the  Tramsactkms  of  ike 
Mknroseopkal  Society,  It  consists  of  three  {dates  of  blasts^ 
the  lower  (me  <^  which  is  fixed,  and  the  other  two  ptOTided 
with  certain  dove-tailed  guides  and  slides,  so  that  the  upper 
one  may  be  moved  by  a  lever,  either  indepeixlently  of  the 
middle  one,  or  else  be  carried  along  with  it-  The  lever  is 
seen  at  H,  it  is  about  five  inches  long,  and  is  loaded  with 
metal  at  its  uj^r  part,  so  as  to  balance  the  weight  of  the 
stage-plate,  and  at  its  lower  end  is  provided  with  a  hall  work- 
ing in  a  socket  connected  with  the  upper  plate:  aU>ut  an 
inch  higher  up  is  another  ball  working  in  a  socket  P  in  a 
small  arm  connected  with  the  support  of  the  compound  body 
CC.  Hie  dove-tail  guides  of  the  middle  stage-plate  are 
arranged  horizontally,  whilst  those  of  the  upper  plate  are 
placed  vertically;  when,  therefore,  the  lever  o  is  moved 
either  to  or  from  the  support  of  the  compoimd  body,  lK>th 
stage-plates  will  move  horizontally  in  the  opposite  din^ction, 
but  when  the  lever  is  moved  in  a  line  parallel  with  the  side  i>t* 
the  same  support,  then  only  the  upper  one  is  moved :  and  as 
the  end  of  the  lever  to  which  the  hand  is  applied  moves  in  all 
cases  in  an  opposite  direction  to  that  of  the  ball  a^  ami  :is  the 
compound  microscope  always  inverts  the  image  of  the  object 
under  examination,  the  object  will  appear  to  move  in  the 
direction  of  the  hand.  The  object-plate  is  prorideil  with  a 
spring  clip  N,  capable  of  being  slid  up  and  down,  and  of  Wing 
turned  upon  the  upper  plate  of  the  stage,  and  is  alwap  moveii 
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gla^s  fit,  and  to  the  lower  end  there  is  fitted  a  short  tube, 
carrying  the  object-glasses ;  tliia  is  moved  up  and  down 
slowly  fjy  the  8<?rew  H,  acting  on  tlie  end  of  a  lever,  and  so 
forms  the  fine  adjustment.  The  fe^tngc  adapted  to  thjss  instru- 
ment may  be  one  of  two  fonns,  either  one  whose  movements 
arc  eftcctefl  by  a  lever,  or  eke  another  eonsl  meted  on  the 
plan  of  ^In  Turreirs,  in  which  the  up  and  down  motion  is 
produced  by  a  rack  and  pinion,  and  that  from  side  to  side  by 
a  screw  whose  axi::*  is  carried  across  to  the  oppoi4te  side  of 
the  stage,  and  there  can  be  turned  by  the  IciY  hiincl.  Tlic 
lever  stage  is  represented  as  attached  to  the  instnunent :  this 
is  constructed  after  the  plan  of  that  of  Mr.  Alfred  White, 
and  described  by  liim  in  Vol.  I.  of  the  transactions  of  the 
Mtcrosvopival  Society.  It  consists  of  thi'ce  plates  of  brass, 
the  lower  one  of  which  is  fixed*  and  the  other  two  provided 
with  certain  dove-tailed  guides  and  slides,  so  thut  the  upper 
one  may  be  moved  by  a  lever,  either  independently  of  the 
middle  one,  or  else  be  carried  along  with  it.  The  lever  is 
seen  at  H,  it  is  about  five  inches  long,  and  is  loaded  with 
metal  at  its  upper  part,  so  as  to  balance  the  weight  of  the 
stage-plate,  and  at  its  lower  end  is  provided  with  a  hall  work- 
ing in  a  socket  connected  with  the  upper  plate  \  about  an 
inch  higher  up  is  another  l>all  w^orking  in  a  socket  P  in  a 
small  arm  connected  with  the  support  of  the  compound  body 
C  C.  The  dove-tail  giiiilcs  of  the  middle  stage-plate  are 
arranged  horizontally,  whilst  those  of  the  upper  plate  are 
placed  vertically;  when,  therefore,  the  lever  o  is  moved 
either  to  or  from  the  support  of  the  compound  body,  Ixjth 
stage-plates  will  move  horizouttdly  in  the  opposite  direction, 
but  when  the  lever  is  moved  in  a  line  parallel  with  the  aide  of 
the  same  support,  then  only  the  upper  one  is  moved ;  and  iia 
the  end  of  the  lever  to  which  thf  hand  is  ap|*lied  moves  in  all 
cases  in  an  opposite  direction  to  that  of  the  ball  a,  and  as  the 
compound  microscope  always  inverts  the  image  of  the  object 
under  examination,  the  object  will  appear  to  move  in  the 
direction  of  the  hand.  Tlie  object-plate  is  provided  with  a 
spring  dip  N,  capable  of  being  slid  up  and  down,  and  of  being 
turned  upon  the  upper  plate  of  the  stage,  and  is  always  moved 
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with  it  To  the  imder  side  of  the  stage  the  diaphragni  R  is 
eeen  attiiched.  Mr,  ^VTiite's  lever  stage,  of  which  the  above 
described  is  a  m*^jfioiLtioTi,  m  represented  by  fig*  47,  as  fixed 
for  UBe  to  tiie  lower  end  of  the  arm  supporting  the  compound 

body.  The  mirror  S  is  of  i 
large  size,  and  is  oiounted  on 
a  tube  W ;  it  has  a  plane  and 
a  eoncave  reflecting  surface, 
the  frame  is  supported  by  a 
semicircular  piece  of  brass  T, 
with  two  pins  for  it  to  turn 
on,  at  U  is  a  joint  on  which  it 
Clin  be  n*oved  horizontally,  and 
at  V  anothL^r  joint  for  turning 
it  away  from  the  axis  of  the 
instrument,  so  that  very  ob- 
liqnc  light  maybe  sent  through 
the  hole  in  the  stage,  and  by 
means  of  the  short  tube  it  tnay 
be  slid  up  and  down  on  tlie 
support  W,  In  the  arm  C  C 
may  be  seen  two  square  holes 
ddf  into  these  the  supports  of  the  side  reflector  and  of  the 
email  condensing  lens  are  made  to  fit,  and  arc  kept  firmly 
fijted  by  the  screws  D  D. 

To  this  instnament,  if  prefcrre*!,  anotber  stage  may  be 
fitted,  a&  exhibited  in  Plate  2,  fig.  2,  where  A  represents  part 
of  the  large  arm  for  supporting  the  compound  body,  B  one  of 
the  pillars,  C  tlic  joint,  and  D  the  tube  for  the  mirror.  The 
atagc-plate  E,  carrying  the  objeet-plate  F,  is  moved  from  side 
to  side  by  the  milled  liead  (I  connected  with  a  screw  whose 
axjB  passes  through  to  the  opposite  side  of  the  stage,  where 
there  is  another  milled  head,  and  up  and  do\%Ti  by  a  rack  and 
pinion  connected  witli  the  milled  head  H.  Tliis  f^tagc  is  a 
very  steady  one,  it  being  a  modification  of  that  of  ^Ir.  Tm*rell 
before  alluded  to. 


Fig.  47. 


(lueciett  ^TJuMcr^c^ 


Plate  h. 
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MESSBS.  SMITH  AND  BECK  S  SMALLER  ACHKOBLATIC 

COMPOUND  MR'HOSCOPE. 

TTiifl  instnimeiit  is  represented  in  Pkte  3,  fig,  1  ;  it  is 
mounted  on  tliree  feet  A,  capable  of  being  slid  one  witliin  the 
other ;  ioto  a  cireiilar  plate  attached  to  tliese  feet  La  sci'e wed  a 
pillai'  B,  having  a  cmdle  juiut  C  at  its  upper  part ;  to  the 
joint  is  attached  a  bent  aim  D,  grooved  like  that  of  the  lai-ger 
ineti'imient,  and  supporting  in  a  similar  manner  the  com^KJund 
body  Gf  the  triangular  guide  and  rack  being  seen  at  E»  The 
milled  heads  F  are  for  the  coarse  adjustment.  At  the  bottom 
of  the  compound  body  there  is  attaclied  a  small  tube,  into  the 
lower  end  of  which  the  object-glasses  are  screwed,  and  to  its 
upper  end  a  lever,  the  short  extremity  of  whose  long  end  I  is 
capable  of  being  moved  up  aud  down  by  the  fine  screw  K 
working  in  the  nut  H,  and  so  fomiing  the  fine  adjustment ; 
the  tube  is  kept  tight  against  the  screw  by  a  spring,  which, 
when  the  object-glass  is  aocidentaUy  brought  in  contact  with 
any  object  on  the  stsige,  allows  of  its  retreating  for  a  short 
distance,  and,  in  most  crises,  prevents  either  the  object  or 
the  object-glass  itself  from  being  fractured,  hence  it  has  ob- 
tained the  name  of  the  safety-tube.  To  the  lower  end  of  the 
arm  D  the  stage  K  is  screwed;  tliis  consists  of  two  plates, 
which  are  c-apable  of  being  moved  in  two  directions  at  right 
angles  to  each  other  by  racks  and  pinions  connected  with  the 
milled  heads  M  M.  The  object  plate  L  is  precisely  simikr  to 
that  in  the  preceding  instrument^  and  to  the  under  side  of  the 
stage  all  the  usual  apparatus  may  be  fijted.  The  mirror  N  is 
mounted  in  tlie  oixlinary  way  upon  a  seniicircidar  fmne  O, 
having  a  pin  passing  through  a  piece  of  cork  in  the  end  of  the 
tube  P,  on  this  it  can  be  turned  horizontally.  To  render  tins 
a  cheaper  instruincnt,  the  stJige  shown  at  fig.  2  may  be  sub- 
stituted for  the  a*]justable  one.  A  represents  part  of  tlie  arm 
supporting  the  compound  botly,  B  a  plate  of  bntss  attached  by 
screws  to  the  lower  end  of  the  same  arm,  C  the  joint  at  the 
up[jer  part  of  the  pillar.  Upon  the  Plate  B  is  supi^rted  the 
object-phite  D,  capable  only  ol'  being  moved  by  the  fingers  in 
two  dixections,  the  one  vci*tically  and  the  other  circularly. 
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On  account  of  the  feet  folding  one  within  tlie  other,  thiB 
microecope  can  be  packed  in  a  flat  box,  the  thickness  of  which 
ie  regiihited  by  the  breadth  of  the  stage,  AVht-n  more  poi1a- 
blc  and  less  expens^ive  sttintb  are  required,  the  two  following 
deserve  especial  notice. 


MESSRS.  8MIT1I  AND  BECK's  ACHROMATIC  COMrOtND 

MICROSCOPES  FOR  STUDENTS, 

Fig.  I5  Plate  4,  represents  the  largest  of  tliese  instniments. 
The  hwm  is  comix>8€d  of  bra^,  cast  in  one  piece ;  it  stands  on 
three  feet  AAA,  from  which  proceed  the  two  flat,  n^m^ht 
eheekg  B  B,  having  a  trunnion  joint  at  C,  on  which  the  stnge 
and  die  compound  body  arc  capalilc  of  being  turned.  Into 
the  plate  H  m  screwed  a  gtout  tube  L,  within  which  slides 
another  tube  supporting  the  s^traight  ami  M,  This  la^t  is 
ploughed  out  in  the  same  manner  as  the  aiTii  in  the  larger 
int^trumcnti^,  and  tlie  compound  body  N,  resting  on  the  guides 
<),  is  moved  up  and  down  it  by  turning  the  milled  heud  P, 
Tlie  tube  witliin  thut  at  L,  to  whirh  also  the  arm  M  is 
attiw]ihed,  is  provided  with  a  spind  spring,  that  keep  the  arm 
M  always  finnJj  in  contact  with  the  plate  I ;  ngainst  this  lust 
the  fine  screw  K,  with  a  graduated  milled  liead,  pi-e8ses;  when 
the  screw  is  turned,  both  the  arm  M  and  tlie  compound  body 
are  moved  slowly  up  or  down,  forming  the  fine  arlj Ointment, 
Tlie  spring  is  prevented  from  forcing  the  ann  M  out  of  the 
tube  L  by  a  stop  situated  just  above  the  milled  head  K,  which 
is  not  represented  in  tlie  figure.  The  stage  is  a  plate  of 
braj^,  about  four  inches  long  and  two  inclics  wide,  having 
dove-tail  grooves,  in  wliich  the  fmme  G,  for  holding  the  ob- 
jects, slides  up  or  down,  it  being  readily  moved  by  two  small 
handles  projecting  from  it:  one  ol"  the  ends  of  the  frame  is 
provided  with  a  socket  F  for  the  reception  of  the  forceps  and 
other  instruments.  TIic  nurror  D  is  mounted  in  the  usual 
manner  on  the  semicinde  of  bmss  E,  and  is  cajialdc  of  being 
turned  on  a  large  pin  fitting  into  the  end  of  the  tube  which  is 
attached  to  the  under  surface  of  the  stage. 

The  second  microaco})c  is  constructed  much  on  the  same  plan 
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nd  the  laet  described,  but  i&  much  Binallcr,  and  is  only  capable 
of  being  used  in  the  upriglit  position ;  it  ib  represented  by 
fig*  2*     The  stand  is  supi^^rted  on  three  feet  A  A  A,  having 
two  flat  upriglit  cheeks  B  connected  with  them,  to  the  top  of 
these  the  stage  plate  D  is  fixed.      The  tube  G  is  screwed  into 
the  upper  gurtkce  of  the  etiige-phite*     Within  it,  us  in  the 
hirgcr  instruments,  a  siuiiller  one  slides^  luiving  the  ann  II 
sup}iorting  the  tube  I  connected  with  it     Through   the  tube 
I  shdes  very  smoothly  up  and  down  the  compound  hotly  L, 
carrying   the   eye-pieces   and   object-gIa*ses ;  this  forms  the 
eoarse  adjustment,  whereas  the  fine  adjustment  is  made  by 
turning  the  screw  with  milled  head  E,  which  either  raises  or 
depresses  the  arm  1 1  and  the  entire  compound  body  L  I  with 
it   in  the  same  manner  Ojs  was  described  in   the   preceding 
instrument,      A  diaphragm  K  is  fitted  into  the  bottom  of  the 
8tage-[>hitc.     The  niiiTor  C  is  supported  oti  trunnions  working 
in  the  front  part  of  tlie  cheeks  B ;  Ijut  ha^^eg  only  a  circuhu: 
movement,   hence  it  is  require^l  that  the  light  to  ilhmiinate 
objects  should  be   always  in  front  of  it      A  stand  of  this 
description  is  exceedingly  useful   for   keeping  on  tlie  table 
where  dissections  are  going   on,   as   small   portions   of  the 
dilFerent   tis*?ue8   c^n  readUy   be    placetl    under  a    quarter- 
of-an-inch   object-glass,  and  be    examined  as    they   are    re- 
moved,  the   shortness   of   the  stand   allowing  of  its  being 
used    without    nmch    trouble;    and   ahnost   all   objects,   for 
temporary  pm'poscs,  being  mounted  in  fluid  between  glasses, 
they  are  apt  to  slip  down  when  placed  on  the  stage  of  an  in- 
clined instnuuent,  and  a^  aD  the  large  mieroscojKis  are  too 
higli  to  be  used  on  a  table  at  wliich  dissections  are  carried  on^ 
without  either  being  inclined  or  the  diflsector  being  obliged 
to  get  up  from  bis  seat  every  time  an  object  placed  between 
glasses,  with  or  without  fluid,  is  required  to  be  examined  in 
the  hori-zontal  position,  tliie  little  instrument  is  extremely  useful 
for  such   purposes,   and   two   of  such,   one   provided  with  a 
power  of  forty,  the  other  with  that  of  two  hundred,  slioidd 
be  always   at   hand;  they  would  be  most  efficient  working 
tools,  and  the  cost  without  glasses  not   exceeding   £3*      The 
sliding    up    and    down    of    tlie    body  L  in   the    outer  tube 
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I,  foiTOs  a  veiy  good  coarse  adjustment,  whilst,  after  the 
object-glaee  has  been  brought  sufficiently  near  the  object, 
by  this  means,  the  fine  will  answer  for  the  remainder.  The 
height  of  this  instrument,  when  the  comi>ouod  body  and  draw- 
tube  are  shut  down,  is  not  more  than  eight  inches,  and  it  is 
not  much  too  large  to  be  carried  in  the  coat  pocket  With 
all  these  microscopes  the  usual  accesear}'  instruments  are  sup- 
plied, if  required ;  many  of  them  differ  in  some  points  of  cott- 
Btriictiun  from  tho&e  both  of  Jle^itrs.  Powell  and  Boss,  and 
with  them  will  be  fully  described  in  the  chapter  devoted 
especially  to  the  consideration  of  these  sidiject«. 

Before  concluding  thig  chapter,  the  author  would  direct  the 
attention  of  his  readers  to  the  compound  microscopes  of  Mr< 
Pritchard,  fiilly  described  in  the  la^t  edition  of  hi«  Microtcopic 
lUustratkmsi^  where  will  uko  be  tbund  full  directions  for  the 
construction  of  pro|>er  stands,  and  the  methixls  of  using  the 
yarious  microscopes  and  the  pieces  of  apparatus  supplied  with 
them,  with  numerous  illustrations  to  explain  the  same,  all  q£ 
which  subjects  will  rcimy  an  attentive  perusal 

A  compound  microscope  const nictcd  by  Mr.  Varley,  and 
described  by  him  in  the  fifty-fifth  volume  of  the  Truiuh- 
actions  of  the  Sociehf  of  Arts,  a«  the  Shufle  Lever  Microscope^ 
here  also  requires  especial  notice.  This  instnimcnt  is  repre- 
sented by  fig.  48,  one-third  of  the  real  sfize,  and  consist*  of  a 
liollow  foot,  somewhat  like  that  of  a  bird's  in  shape,  from 
which  a  stout  pillar  rises,  having  at  its  top  a  thick,  tiat  disc 
of  brass  a,  with  a  central  hole;  to  this  the  raicroecope  is 
joined  by  means  of  a  strong  block  b,  whose  face  is  turned  to 
fit  against  it,  a  central  screw  passes  through  the  hoh^,  and  all 
the  important  parts  of  the  instrument  are  kept  fast  to  the 
block  by  the  screw  nut  c.  Through  the  block  h  slides  the 
long  rod  r/,  against  which  a  saddle  is  placed  tor  the  screw  <»  to 
bind  it  fast  at  any  height.  To  the  same  block  b  the  back 
plate  of  the  stage  g  is  fastened,  from  this  is  given  ofl*  the  ann 
r,  which,  in  connection  with  the  shorter  arms  q  y,  supports  the 
fulcrum  of  the  lever  *,  having  attached  to  it  two  balls,  the 
lower  one  of  which  works  between  two  j elates  at /j,  and  the 
upjier  one  between  two  t>thers  at  t;  to  tlie  iip|)er  of  these  last 
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as  one  to  six*      To  enable  both  sides  of  the  stiige-plate  h  to 
raove  siniultuncoiislT,  a  parallel  motion  i^  added,  one  of  the 
rods  of  wliich  is  Been  at  w,     ^^Tiichever  way  the   balls  and 
sockets  move,  the  etage-plate  h  ohvy^  their  motiune,  and  an 
observer,  with  the  lever  in  his  hand,  maj  follow  the  motion  of 
any  living  objeet.      By  an  error  on  the  part  of  the  artiet, 
fig.  48  is  reversed,  the  lever  shoidd  be  on  the  right  hand- 
To  the  lower  part  of  the  stage  is  fittetl  eitlier  one  of  Mn 
Varley's  dark  chambers,  or  el^c  a  Wolla.'=iton  eondens^^r:  Mr. 
Varley  prefers  tlie  fonner,  as  it  is  more  free  from  colour.     To 
the  lower  part  of  the  tube  z^  into  which  the  rod  d  slides,  is 
seen  the  nxirror ;  this,   as   in   ^Ir,    Powell's   mieroseojx^s,   is 
mounted  on  a  bent  arm,  und,  if  neces^sary,  by  means  of  a 
sliding  tube,  may  be  moved  up  or  down  the  tube  z.     The 
tube  of  the  compound  bmly  1  is  mounted  by  means  of  a  hollow 
ca»e  or  trough  2,  having  two  amis  7  upon  the  ro<I  r/,  and  is 
kept  finuly  fixed  in  any  position  by  means  of  a  screw  with  a 
milled  bead  and  a  bent  spring.      To  the  back  of  the  tube  is 
soldcretl  a  nick,  this  is  connected  by  two  s^uldle-pieces  3  with 
a  liar  4*     A  pinion  hchl  in  a  spring,  ma^le  of  plate-bra^ss,  as 
wide  as  the  trough,  is  attached  by  a  screw  to  its  inner  side, 
and  the  milled  heads  whii"li  turn  the  pinion  are  seen  on  either 
side  of  the  same  trough ;  l)y  either  of  these  the  eoai^se  adjust- 
ment is  eflectetL     Through  the  upper  jmrt  of  the  tube  1  shdes 
that  part  of  the  comiMmnd  bofly  which  siip[)orts  the  eye-piece, 
and  to  the  lower  end  is  attiiclied  a  bent  arm,  through  which 
works  the  milled  head-screw  12 ;  above  tliis  is  another  bent 
arm  connected  to  a  smaller  sliding  tube  l>eariDg  the  objeet- 
gbisses;  within  this  tu!>e  is  a  spind  spring,  the  action  of  which 
causes  the  tube  to  be  puslied  out ;  but  tlus  is  prevented  by 
the  long  ann  of  a  lever  11,  against  which  the  screw  presses. 
^\lien  the  screw,  therefore,  is  timied,  the  ann   1 1   is  either 
raised  or  depressed  slowly,  and  by  this  the  fine  adjustment  is 
accomplislied,     A  condensing  lens  27    is  most   conveniently 
held  by  a  moveable  arm,  the  curve  29  and  joint  30  allow  it  to 
be  moved  to  or  from  the  stage,  either  vertically  or  horizontally , 
so  as  to  suit  every  purj>ose.     Fc^r  convenience  of  package,  or 
ii»r  a[)[»iyii)g  Mr.  V'liHey's  grapliic  eye-piece  to  tliis  instru- 
ment,   the   com(»oimd    Unly    and   its    supi^orts   7    may   b^ 
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removed  from  the  rod  d,  and  the  rod  itself  luay  be  drawn  out 
of  the  tul>e  r,  so  as  to  allow  of  any  object  not  more  than  tliree 
inches  thick  to  l>e  exfimined  under  a  lenfi  of  two  iueberi  tuens. 
Amongj?t  other  ad^iintagen*  m  this  uiieroseope^  there  h  added 
to  it  a  email  piece  of  appanitus,  bj  wliich  a  phial  having 
chara  growing  in  it,  or  aninmkndea  adhering  to  its  inner  8ur- 
face,  may  be  examined  in  a  vertical  j>osition :  many  of  tbeee 
last  woidd,  in  all  probability,  be  shaken  oit"  if  the  phial  were 
turned  about  when  im^Ened.  Also,  by  the  addition  of  the 
graphic  eye-pieee,  the  tracing  of  all  kinds  of  objects,  whether 
magnified  much  or  little,  win  l>e  readily  aceomphehed.  Tlie 
price  of  this  microscope,  exclusive  of  the  object-glasses,  varies 
from  £20  to  £30.  Another  very  excellent  foim  of  micro- 
scope is  that  constructed  by  Mr.  Dancer,  of  43,  Cross-street, 
Manchester ;  it  eonsijsti*  of  a  firm  tripod  of  bnis»s,  from  which 
rise  two  stout  pillars,  bearing  at  their  upper  extremities  the 
trunniona  that  support  a  slightly  curved  anu,  to  which  the 
fitage  and  compound  body  are  attached,  somewhat  al^er  the 
plan  of  that  of  Mr.  George  Jackson.  The  compoiuid  Inxly 
itself  consists  of  two  tubes,  the  outer  one  being  attached  to 
the  arm  by  two  saddle-pieces  with  screws ;  this  tube  is  sprung 
at  either  end,  and  within  it  a  smaller  one  can  be  moved  up  and 
down  by  rack  and  pinion,  turned  by  a  large  milled  head ;  this 
forms  the  coarse  adjustment,  whereas  the  fine  is  effected  in  a 
similar  manner  to  that  in  Mr.  Smith's  and  Mr.  Varlcy's  instru- 
ments ;  viz.  by  a  lever  attached  to  the  small  tube  carrying 
the  object-glasses,  which  is  moved  either  up  or  down  by  a  fine- 
threaded  screw.  The  stage  is  al>out  tour  inches  long,  and  two- 
and-a-half  broad,  and  on  it  slides  an  object-plate  longer  than 
the  stage-plate,  but  about  half  its  l>readth.  To  the  front  of 
the  stage  may  be  fixed  the  fbrccps  and  a  large  condensing 
lens,  if  necessary.  The  mirror  is  of  the  usual  form,  and  is 
capable  of  being  moved  up  or  down  the  tube  that  connects  it 
to  the  under  surface  of  the  stage,  and  can  also  be  inclined  at 
any  angle.  With  this  microscope  Mr.  Dancer  sujtplies  the 
usual  amount  of  object-glasses  and  other  fippamtu^,  and  to  tlie 
correct  performance  of  the  former  I  am  imppy  to  mid  my 
willing  testimony ;  and  altliongh  they  do  not  surpass  thc>se  of 
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the  three  principal  makers  in  this  metropolis  in  their  defining 
and  penetrating  power,  they  are,  nevertheless,  capable  of 
exhilnting  rcinxirkably  well  tlie  usiud  test  objects,  and  are, 
on  account  of  tlieir  cheapness,  highly  to  be  recommended. 
The  stand  itseUis  very  well  planned^  and  the  manner  in  wluch 
the  workmanship  is  executed,  reflects  very  great  credit  on  the 
manuftieturer;  and,  both  tor  its  utility  and  for  the  comparatively 
low  price  at  which  this  instrimient  can  be  furnished,  viz,  from 
£10  to  £20,  complete,  it  is  well  worthy  the  attention  of  those 
ivhosc  means  are  hmitcd.  Report  speaks  well  of  the  stand  of 
a  compound  achromatic  microscope  constructed  by  ilr.  King, 
of  Bristol,  but  I  have  never  yet  had  an  opportunity  of  examin- 
ing an  ins tnii] lent  of  his  manufacture* 

Having  now  described  all  the  important  points  in  the  oon- 
Btruction  of  our  English  microscope  stands,whereby  great  steadi- 
ness, accumey  of  adjustment,  portal>ility,  and  other  valuable 
requisites  have  been  so  successfully  carried  out,  we  will  now 
direct  our  attention  to  the  apparatus  tliat  may  be  added  to  any 
instrument  to  render  it  complete  for  all  the  purposes  of  scientific 


investigation. 


CHAPTER  ni. 


ACCESSORY    INSTRUMENTS. 

Bebideb  the  object-glasses,  the  eye-pieces,  and  the  mirix>r, 
together  with  the  jmrts  constituting  tlic  stand  of  a  microscope, 
such  as  the  conjpound  !»ody  and  the  stjige,  with  tlie  supjmrts 
and  atljustments  for  each,  it  has  been  foimd  in  practice  highly 
eflsential  that  certain  othvr  instruments  of  great  utility  ghould 
h&  supplied  with  the  best  micFOSCopes*  These  maybe  divided 
into  two  chisses ;  first,  into  those  which  are  subservient  to  the 
iUumination  of  ol>JGcts,  and^  secondly,  into  those  tor  the  pur- 
pose of  keeping  oiijecta  in  whilst  they  are  being  examined,  or 
for  prei^ring  the  same  for  examination*  Amongst  the  former 
limy  be  mentioned  all  the  various  kinds  of  diaphragms,  con- 
dcnaers^  iwlarizing  appamtus,  dark  wells,  Sec, ;  and  amongst 


ACCESSORY  INSTRUMENTS, 


the  latter,  the  live  boxes,  animalcule  cages,  fii^ng  tubes,  &c., 
all  of  which  require  special  niention. 

The  Dkiphmtjm, — A  very  useful  piece  of  apparatus^  applied 
to  the  under  iiurface  of  the  stage  iu  uiust  iuiLTOi3i!opea  is  the 
diaplu-agm,  represented  by  fig*  49  :  it  eonsistii  of  two  or  more 
plates  of  bra««Sj  one  of  which  is  perfo- 
rated with  four  or  five  holes*  of  dlttereut 
sizefi ;  this  plate  is  of  a  circular  figure, 
and  is  made  to  revolve  upon  another 
plate  by  a  eentnd  pin  or  axis;  tlii^  last 
plate  is  also  provided  with  a  bole  as 
large  as  tlie  largest  in  the  diaphragm- 
plate,  and  corres|)onds  in  situation  to 
the  axif^  of  the  coin|XJund  Ixxly.  To 
ascertain  when  either  of  the  boles  in 
the  diaphragni-phite  is  in  the  centre,  a 
bent  spring  is  fitted  into  the  second 
plate,  and  rubs  against  tlie  edge  of  the 
diaphmgm-plate,  wlueh  is  pro\ided 
with  notches,  so  that  when  either  of 
the  holes  is  brought  into  its  proper 
position,  the  end  of  the  spring  tk'ops 
into  the  notch.  The  s])aee  between 
ijjg.  49.  ^^  largest  and  smaDest  hole  is  gi-eater 

than  tliat  between  any  other  two,  this  answers  the  purpi>se  of 
stopping  off  all  the  light  if  ueecssiu-y.  This  instrument  is 
attached  to  the  under  surface  of  the  stage,  eitlier  by  a  sliding- 
plate,  a«  seen  in  the  figiu^c,  or  else  by  a  short  piece  of  tube 
fitting  into  the  hole  of  tlie  stage,  and  secm-ely  fixed  in  the 
pn^per  position  by  a  bayonet-joinL  The  former  method  is 
adopted  by  Mr*  R43SS  and  Sir.  Smith,  and  the  latter  by  Mr, 
Powell;  every  part  of  this  instrument  through  w^hich  the 
light  passes  should  be  made  black,  so  that  no  other  rays  than 
those  from  the  mirror  should  interfere  witli  tlie  illuminatiou. 
The  UAe  of  the  chaphragm  is  to  modily  the  mys  rctiectetl 
from  the  mirror,  and  to  limit  the  angle  of  the  pencil  of  light 
which  shall  l»e  allowed  to  ffdl  on  the  object  niuler  exauiination. 
When  a  N^Ty  bright  light  is  employed  for  some  time,  the  eye 
7* 
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Fig.  50, 


frill  often  suffer  greatly  &THn  fiitigQe,  and  wheo  taken  away 
<Tom  tbe  inilmiDeiit,  a  dailc  spo^  will  be  seen  upon  any  abject 
tbat  it  white ;  to  remedy  this  ineonveiueiioey  dnl  pari  of  the 
fiaphngin-plate  where  no  hole  is  may  be  supplied  with  a 
piece  of  grey  or  neutral  tint  glass,  and  when  the  light  id  paaeed 
Afoa^  either  of  these,  it  is  so  yery  much  softened,  that  the 
rdief  afforded  to  the  eye  \b  truly  a^onishing. 

Dark  Chamber, — This  instmment,  like  the  diaphmgin,  m 
fitted  to  the  tinder  surface  of  the  st^e,  and  h  repre^nted  by 
fig.  50 ;  it  conffiato  of  a  plate  of  braaa  c,  into  which  \a  soldered 
^  a  short  piece  of  tiibe,  having  a  dia- 

phragm or  stop  a,  in  which  h  an 
aperture  equal  to  what  can  be  viewed 
through  the  lena,  and  no  burger; 
below  this  is  a  sliding  tnbe  i,  with 
an  aperture  rather  laiger  than  that 
at  a ;  this  last  can  be  moved  up  and 
down  imtil  the  light  at  a  ib  of  the  greatest  intenmty^  the  aper- 
Um  at  a  being  always  in  proportion  to  the  @ize  of  the  lens 
employed;  thi«  inetrumcnt  k  the  contrivance  of  Mr,  Varley, 
and  ti  described  by  him  in  the  forty-eighth  vol.  of  the  Trans- 
eeiidkM  qf  the  Snckhi  of  Arts,  He  applies  it  always  to  his 
{natllimcntN,  and  on  account  of  there  being  no  lens  in  its  con- 
•truction*  the  light  Is  not  decomposed ;  he,  therefore,  prefers 
H  to  the  Wollnston  light  for  a  condenser.  It  is  always  em- 
ployed witli  hiti  phiaUholder^  and  will  be  again  aUuded  to. 

IVaUoMton  Candemer, — This  instrument,  like  the  preceding, 
b  also  fitted  to  the  under  surface  of  the  stage ;  it  consists  of  a 
ibort  tube,  in  which  a  planoconvex  lens  of  about  three-quar- 
ten  of  an  inch  focal  lengthy  is  made  to  slide  up  and  down ; 
thii  a))paratus  is  rei»rcscnted  in  section  by  fig.  19,  or  as 
ajipiied  to  a  microscope  in  fig,  38,  where  the  lens,  set  in  a 
fimnuSf  is  raovcsd  up  or  down  by  two  small  handles.  For  cor- 
rect dc^tiitirm,  Dr.  Wollaston  employed  a  stop  immediately 
above  the  mirror,  Ijvtwecn  the  mirror  and  the  lens,  whereas 
it  ium  been  found  much  better  in  practice  to  apply  the  stop 
between  tlic  Icnn  nntl  the  olijcct;  tliie  improvement  was  the 
nivcntion  of  l)n  Gnriug,  and  ie  very  convenient  tn  use,  as  the 
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length  of  tube  employed  is  much  shorter  than  what  WoUaston 
Buggefited,  and  the  definition  h  greatly  improved  by  the 
arrangement.  Dr.  Wollaston  etiitca  that  **the  intensity  of 
illuminatioQ  will  depend  ujK>n  the  diameter  of  the  ilhiininating 
lens  and  the  propoilion  of  the  image  to  the  perforation,  and 
may  he  regiUated  according  to  the  wish  of  the  observer.'* 

Achromatic  Condenser. — The  condenser  of  Wollaaton,  just 
described,  although  a  very  gi-eat  improvement  over  the  ordi- 
nary methods  of  illuminating,  is,  nevertheless,  to  a  certain 
extent,  faulty,  in  conseqnence  of  not  being  aupphed  with  an 
achromatic  lens  j  to  remedy  this  inconvenience,  M,  Dujardin, 
in  1840,  contrived  an  instnmient  which  he  termed  an  eclainige, 
for  the  purpose  of  illuminating  objects  with  achromatic  light, 
a  modification  of  tliis  apparatus  is  now  supphed  with  all  the 
best  microscopes,  and  is  known  as  the  achromatic  condenser ; 
and  although  it  is  applied  in  different  ways  to  the  niicroscopcB 
of  our  three  eminent  makers^,  it,  neverthelesjs,  consists  of  three 
essential  parts;  viz,  an  achromatic  combination,  an  adjustment 
of  focus  for  the  same,  and  a  means  of  making  the  axes  of  the 
object-glasB  and  of  the  condenser  coincide  exactly.  A\Tien 
the  compound  body  is  made  to  turn  away  from  the  stage,  the 
apparatus  for  adjusting  the  axes  is  very  simple,  and  the  plan 
adopted  by  Iklr.  lioss  and  Mr.  Powell  h  represented  by  fig.  51 ; 

ait  GonsiBts  of  two  tubes, 
sliding  one  within  the  other, 
to  the  outer  one  A,  is  at- 
tached a  flat  plate  a,  which 
slides  undemeatli  the  st4ige, 
and  is  adjusted  for  distance 
by  the  screwy*;  at  c  is  seen 
a  milled  head,  which  is  con- 
nected to  a  pinion,  and  by 
means  of  a  rack  attached, 
the  inner  tube,  carrying  tlie 
aclux)matic  combination  </,  m 
raised  or  depressed;  the 
upper  part  of  the  outer  tube 
is  larger  than  that  where  the 
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milled  head  is  eeen ;  ttis  h  for  the  purpose  of  allowing  the 
milled  ridge  of  the  achromatic  combination  to  paee  up  and 
down  freely.  For  the  low  jKiwers,  siich  as  the  half  and 
quarter  of  an  inch,  the  combination  d  only  is  used ;  but  with 
the  higher  powers  the  second  part  e  may  be  Bripi)ed  over  d^ 
whereby  the  fcx^al  point  of  the  illuminating  rays  will  he 
materially  lessened  in  diameter,  although  it  is  increased  in 
brilliancy.  The  Hat  mirror  is  generally  used  as  the  rettector 
or  tlic  prism  to  be  presently  deacribed* 

T\nien  the  componnd  hotly  can  be  turned  away  from  the 
gtage,  the  adjustjuent  of  the  axes  of  the  illmniuator  and  ob- 
ject-glaas  ia  a  very  simple  matter,  the  only  movement  required 
in  the  condenser  is  that  of  either  increasing  or  diminisliing  the 
distance  tlie  flat  plate  a  has  to  slide  through ;  tliis  is  done 
either  by  screwing  or  unscrewing  the  screw/,  until  tlic  spot  of 
liglit  formed  on  the  object  by  the  illuminator  is  in  the  centre 
of  the  field  of  the  object-glass.  But  when  the  compound  bo<ly 
18  a  fixture,  then  it  is  neeessar^^  that  the  condenser  sliould  have 

two  or  more  atljustmenta ; 
a  section  of  such  a  con- 
denser is  represented  by 
fig,  52,  as  constructed  by 
Mr.  Ross,  a  exhibits  the 
r^  plate  by  which  it  ia  attached 
to  the  stage,  h  a  portion  of 
laige  tube,  ha%ing  attached 
to  it  a  ring  of  brass,  into 
which  is  soldered  a  smaller 
tube  carrying  tlve  pinion 
with  a  milled  head  f;  within 
tills  tube  a  still  smaller 
tube  <i»  with  a  screw  at  the 
top  to  c^^rry  the  illumina- 
tor I/,  and  a  diaphragm  at 
the  bottom,  to  cut  oiF  all 
extmncous  light,  is  moved 
up  and  down  by  a  rack,  in 
Fig»52,  which  works  the  pinion  r. 
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The  vertical  adjustment  of  this  inatniment  is  made  Ly  the 
finmll  screw  attached  to  the  plate  «,  whilst  all  the  other  move- 
ments arc  effected  l^y  turning  three  or  more  screws  in  tlie 
ring  of  brass,  by  which  the  inner  tube  Ciiming  the  illuniinator, 
can  be  moved  in  various  directions,  so  as  to  bring  the  axis  of 
this  glass  to  coincide  with  that  of  the  object-glass.  Two  of 
these  screws  are  seen  at  c  and  e\  This  plan  was  first  sug- 
gested by  Mr,  Ross,  and  is  adapted  to  all  his  instruments  in 
which  the  arm  carrying  the  compound  body  is  a  fixture.  The 
several  parts  of  the  illuminator  g  unscrew,  so  that  they  may 
be  used  either  combined  together  or  sejjarate. 

The  achrooiatlc  condeuffcr  supplied  with  tlie  largest  niicro- 
ecropes  of  Messrs.  Smith  and  Beck^  is  represented  by  figs, 
53  and  54 ;  and  for  t!ie  better  exliibition  of  its  several  part«. 


Fig.  53, 

the  drawings  have  been  nifide  of  the  actual  size,  but  in  an 
inverted  position.  In  fig.  53,  c  represents  a  tube  of  bniss,  within 
which  a  smaller  tube  h,  carrying  the  illuminator  «/,  is  moved 
up  and  down  by  turning  the  milled  heads  a  a*  The  tube  c  is 
screwed  intti  a  [)latc  of  brass,  which  turn^  upon  another  larger 
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jilate ;  hj  this  last 
eurfkce  of  the 


entire  condeneer  is  adapted  lo  the  under 
stage,  it  being  provided  with  a  screw  /at  it» 

front  part,  to  regu- 
late the  distance 
that  it  should  be 
slid  in  under  the 
stage,  so  as  to  bring 
tlie  illuminator  d 
into  theaadsof  the 
object-glaBS ;  but 
■y*  as  the    arm    eup- 

porting   the   com- 
*^' ^'*"  jMjund  body   does 

not  move  from  side  to  side ;  the  adjustment,  to  remedy  this^  is 
ratlier  more  coinpUcatecL  The  bniss  plate  into  which  tlie 
tube  c  ©crews  is  made  to  turn  upon  a  large  pin,  fixed  to  the 
bottom  plate,  and  by  means  of  a  spring  and  a  small  raised 
block  of  brass,  the  former  is  always  finuly  pressed  against  the 
screw  (?,  as  seen  in  fig.  54 ;  when,  therefore,  this  screw  is 
tiirncil,  the  plate,  and  with  it  the  tube  c,  together  with  the 
illmoinator,  arc  carried  slowly  from  side  to  side,  and  when  the 
exact  position  is  found,  the  i»late  may  be  fixed  by  tlie  screw  ^, 
FuU  directions  for  the  use  of  these  instruments  will  be  given 
in  the  chapter  on  the  illimiination  oi'  objects,  but  it  may  be  as 
well  here  to  state,  that  if  an  illumioatin*^  lens  be  not  supplied 
with  the  instrument,  the  general  practice  is  to  miapt  to  it  the 
object-glass  next  lowest  in  power  to  that  wliich  is  employed 
with  the  comijound  body;  but  where  economy  is  nut  studied, 
a  system  of  three  acluomatic  combinations  is  supplied,  as 
represented  in  fig,  54,  the  whole  three  being  employed  with 
the  highest  iiowers,  or  two,  or  even  one,  with  the  lowest 

Polarizing  Apparatm, — This  consists  of  two  prisms  of  cal- 
careous spar,  constructed  after  the  plan  of  Mr.  Nied,  of  Edin- 
burgh, and  composed  each  of  two  pieces  of  the  same  spar, 
cemented  together  so  as  to  transmit  only  one  image.  One  of 
these  is  mounted  in  a  tube,  and  adtiptcd  to  a  flat  plate  of 
bra^  as  represented  by  fig.  ^5,  by  which  it  can  be  applied  to 
the  under  surface  of  the  stage-plate,  like  the  achromatic  C4jn- 
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denser;  upon  this  plate  the  tube  carrying  the  priem  is  made  to 
revolve  by  turninf^  the  large  circidar  plate  at  tlie  bottom  with 


Fig*  55* 
a  rallied  ed*^e;  tliis  lower  prism  is  termed  tlic  polamer,  m 
contradistinction  to  another  fitted  to  the  top  of  one   of  the 
eye-pieces,  and  termed  the  analyzer.     An  end  view  of  one  of 
the  prkms  is  seen  at  fig.  56y  and  a  vertical  Bcetion  at  fig.  57  ; 

when  applied  to  tlie  mi- 
croscope it  is  as  necessary 
that  the  axes  of  both  crys- 
tals coincide  with  each 
other  and  with  the  other 
optical  parts  of  the  mi- 
croscope, as  was  men* 
tioned  for  the  achromatic 
condenser;  this  may  be 
known  by  revolving  either 
of  the  prisms  after  the  light 
has  been  sent  through 
them  by  the  mirror.  If 
tliey  are  properly  ad- 
justed, it  will  he  found  that  there  are  two  positions  in  w4iich 
no  light  will  pass  tlirough  the  prisms  at  all ;  if  tliis  does  not 
take  place,  and  only  part  of  the  field  of  view  is  darkened, 
then,  either  by  turning  the  ami  which  carries  the  compound 
body  or  the  screw  in  the  plate  that  bears  the  polarizer,  the 
two  can  be  made  to  obscure  each  other ;  they  are  then  in  a 
condition  to  he  used.  If  now  a  erj^staUine  plate  of  sulphate 
of  lime  be  placed  in  the  focus  of  the  object-glass,  it  will  be 
seen  that  this  crystal,  in  common  with  naany  othci*s,  has  the 


Fig.  57. 
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property  of  ben^ng  the  ra^ns  of  light  that  have  tfaveised  die 
polarizer*  and  of  caomng  them  to  paae  through  the  analyzer ; 
according  tu  the  thickness  of  the  cr)  stalline  plate,  so  will 
either  a  green  or  red  colour  prevail  The  canae  of  these 
appearances,  and  the  various  applications  of  the  polarizing 
apparatus,  will  be  further  alluded  to  in  the  chapter  devoted 
to  tliiJ?  eifubject.  Some  raicroscopists  employ  a  bundle  of  thin 
gla^  plates  for  a  polarizer,  and  a  tourmaline  for  an  analyzer ; 
but  the  colour  of  the  latter  often  renders  its  use  objectionable. 
Cmuletumg   Lens, — An  indispensable    instrument   for   the 

illumination  of  opaque  ob- 
ject^ or  of  the  mirror  when  a 
great  quantity  of  light  is  re- 
quired, is  the  condensing  lens 
or  buUWye.  This  is  gene- 
rally a  planoconvex  lens  of 
great  tliickness,  from  two  to 
three  or  more  inches  in  di- 
ameter, mounted  in  the  man- 
ner represented  by  fig.  58,  on 
a  stem  of  brass  attached  to  a 
hea\y  circular  foot.  Up  and 
down  this  stem  a  short  tube, 
having  another  piece  of  simi- 
lar tube  fastened  into  it  at 
right  angles,  is  made  to  slide; 
into  this  last  fits  a  short  rod 
or  tube,  winch  supports  the 
lens  and  allows  its  Ijeing  in- 
clined at  any  angle.  This 
method  of  mounting  the  lens 
is  adopted  by  Messrs,  Ross 
and  Powell ;  but  Mr.  Smith, 
following  Mr.  Tulley,  em- 
ploys the  same  kind  of  stem 
and  foot;  and,  in  addition 
to  being  inclined  at  any  angle^ 
the    lens    is?    provided    with 


Fig.  58. 
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a  Hwivel-joint,  a§  seen  in  fig.  59,  so  that  it  can  be  brought 
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near  to  the  lamp  or  candle  iised  as  the  iUiiminatiiig  body  with- 
out moving  the  other  i^art^  of  the  stanA 

Another  very  eonvemeut  way  of  mounting  the  condensing 
lens  i^  represented  by  fig.  6t>>  aa  adopted  by  Messrs,  Smith 

and  Beck',  the  foot  a 
is  the  i*ame  as  in  the 
other  instruraent;  but 
insitead  of  anolid  stem, 
it  is  provided  with  a 
short  tube  h;  into  this 
elidea  a  smaller  one  c, 
having  at  its  upper 
extremity  a  cradle- 
joint  d  connected  witli 
a  small  tube  e^  through 
which  slides  a  wire 
ann  f^  supporting  a 
small  condenser  g* 
Tliis  plan  of  mount- 
ing a  condensing  lens 
18  very  convenient: 
it  has  all  the  motions 
of  the  preceding  in- 
struments, and,  with 
tWs  greater  advan- 
tiigc  besides,  that  they 
can  all  be  cf  fectetl  with 
one  hand  applied  to 
the  arm /I 
A  smaller  lens  is  supplied  with  some  microscopes  for  the 
^  purpose  of  further  condensing  the  rays  of  the  larger  condenser, 
or  of  rendering  the  converging  rays  of  the  larger  one  parallel, 
wlicrel>y  a  greater  field  of  view  is  iUuminuted,  a  plan  very 
useful  where  dissections  are  being  carried  on  under  a  lens. 
One  of  these  instnuneuts  is  represented  by  fig.  61.  The 
method  of  mounting  the  small  lens  is  somewhat  similar  to  that 
I  last  described,  and  it  may  be  fixed  into  some  jmrt  of  the 
microscope  stand,  as  seen  in  Plate  2  at  d  (U  or  else  it  may  be 


Fig.  m. 
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is  Jidaptcd  to  the 
stand  of  the  large 
condensing  lend, 
and  is  placed  in 
front  of  the  lamp  at 
out  eight  inches 
ilistaut  from  the 
mirror:  it  oonsitsti* 
of  two  plates  of 
tMn  sheet  iron, 
blackened;  one  of 
these  is  of  a  circu- 
lar figure,  and  being  provided  with  five  holes  of  different 
sizes,  is  besides  capable  of  being  revolved  upon  a  larger  plate 
in  the  same  way  as  the  smaller  instrument  before  described, 
as  being  adaijted  to  the  under  side  of  the  stage.  ^\lien  this 
diaphragtn  is  used,  an  image  of  the  size  of  the  aperture  em- 
ployed should  be  shown  on  the  mirror,  by  this  only  a  part  of 
the  field  of  view  will  be  illuminated  ;  the  centre  will  be  light, 

but  around  the  xnargin  there  will  be 
darkness;  this  oftentimes  is  very 
uBcful  in  rendering  very  delicate 
markings  more  tlistinct.  The  size  of 
the  illuminated  spot  will  depend 
upon  that  of  the  aperture  employed, 
and  also  uix>n  the  relative  distances 
of  the  mirror  from  the  object,  and 
of  the  diaphragm  from  the  mirror. 

^recf or.— Those  microscopes  sup- 
plied with  a  draw-tul»e,  before  de- 
scribed in  Plates  2  ami  3,  are  capable 
of  having  adapted  to  them  the  erector 
or  erecting  eye-piece ;  this  is  repre- 
Bented  by  fig.  64,  as  being  screwed 
into  the  lower  end  of  the  draw-tube ; 
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it  confflste  of  a  piece  of  brass  tube,  three  inches  in  length,  and 
five-eighths  of  an  inch  in  diameter,  as  seen  in  fig,  60  ;  into  the 
opposite  ends  of  which  are  scre%ved  two 
planoconvex  lenses  a  by  having  their  convex 
snriaces  towards  the  eye-piece  situated  in 
the  upper  part  of  tlie  draw-tube,  and  be- 
tween them  is  placed  a  diaphragm  or  stop  A, 
witli  a  small  hole  in  it  The  use  of  this 
instrument  is  gimilar  to  that  of  the  same 
arrangement  of  lenses  in  the  eye-piece  of  a 
telescope,  viz.,  to  cause  the  image  of  any 
object  to  be  seen  in  the  erect  or  natural 
position.  The  field  of  view  is  also  greatly 
increased*  and  an  object  as  long  as  the  three- 
fourths  of  an  inch  can  be  taken  in  at  once 
with  the  erector  and  a  two-inch  object-glass  j 
by  puUing  out  the  draw-tube,  and  therefore 
incixWmg  the  distance  between  the  erector 
itself  and  the  object-glass,  the  magnifying 
power  of  the  instnmient  is  increased,  and  by 
pushing  it  in  again  the  power  is  diminished  \ 
so  that  a  microscoj>e  with  a  two  inch  object- 
^^*     '  glass  and  the  erector  can  be  made  to  take 

in  as  iniich  of  a  rule  as  three-fourths  of  an  inch  in  length 
when  the  draw-tube  is  only  slightly  ptdled  out ;  and  when 
the  tube  is  pidled  out  to  its  fidlest  extent,  it  will  magnify  tlie 
divisions  on  the  rule  so  much,  that  one-six tli  of  the  same  object 
alone  will  fill  tlie  whole  field  of  view. 

The  erector  was  first  applied  to  the  compound  microscope, 
represented  by  fig,  21,  by  M\\  Lister;  it  is  extremely  useftil 
for  taking  in  large  objects,  but  more  particularly  for  dissect- 
ing, aa  lieretofore  tlie  inversion  of  the  object  by  the  compound 
microscope,  entirely  prevented  any  dissection  being  carried  on 
under  any  of  the  low  magnifying  [lowers;  but,  with  the 
erector,  it  can  be  done  very  readily. 

Lieberkuhns, — These  are  concave  silvered  specula,  so  named 
from  their  illustrious  inventor ;  they  are  attached  to  all  tlie 
object-glasses,   i'rom  the  two  inch  to  the  one-fourth,  in  the 
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manner  represented  by  fig.  66,  where  a  exhibits  the  lower 
part  of  the  compoiind  body,  h  the  object-glaaa,  over  which  is 
slid  a  tul»e  liaviiig  the  Lieberkuhn  c 
attached  to  it ;  the  ray  a  of  light  re- 
fleeted  from  the  mirror,  either  in 
parallel  or  converging  linee,  are 
ijrougbt  into  a  focus  upon  an  object  rf, 
placetl  between  it  and  the  mirror. 
The  object  may  either  be  mounted 
on  glass  in  the  usual  manner,  or  else 
held  in  the  forceps/;  and  when  too 
amall  to  fill  up  the  entire  field  of 
view,  or  when  tninsparent,  it  is  ne- 
cessary to  place  behind  it  the  dark 
well  c.  Each  Lieberkuhn  being 
mounted  on  a  short  piece  of  tube,  can  be  bM  up  and  down  on 
the  outside  of  the  object-glass,  so  that  the  maximom  of  illn- 
mination  may  be  readily  obtained.  In  all  the  higher  powers 
the  end  t>f  each  object-glai^a  is  turned  emidl,  and  passes 
through  the  aperture  in  the  centre  of  the  Lieberkulm ;  but  in 
tlie  lower  powers,  where  a  great  amount  of  reflecting  surface 
would  be  lost  on  account  of  the  large  dize  of  the  glasses  em- 
ployed if  this  plan  were  adopted,  tlie  aperture  in  the  centre  of 
the  Lieberkuhn  is  just  lai^e  enough  to  admit  as  many  rays  aa 
will  fill  the  field  of  view,  and  no  more. 

Side  Reflector, — As  a  substitute  for  the  Lieberkuhn,  Mn 
Roes  supplies  with  hie  micro&copes  what  he  tenns  a  ^iile-illu- 
nunator  or  reflector ;  it  consists  of  a  concave  specnlmn  of  a 
rectangular  figure,  higldy  polished  and  mounted  on  a  jointed 
arm,  as  represented  by  fig.  67 :  it,  like  the  small  condensing 
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lena,  ia  attached  to  some  immovable  part  of  the  instrument, 
and  parallel  rays  of  light  from  the  kmp  are  thrown  upon  it 

by  the  biill*6-eye  placed  close  to  the  kni[t ;  and  by  means  of 
the  jointed  arm,  the  light  may  be  reflected  fix)ni  it  upon  any 
object,  however  large,  on  tlie  stage.  This  ie  much  better 
than  a  Licberkuhn  for  most  purposes ;  for,  with  the  latter,  the 
objects  cannot  exceed  a  eertulii  dize,  else  the  greater  portion 
of  light  from  the  mirror  will  be  intercepted  in  its  passage ;  it 
haa  also  this  advantage  over  the  Lieberkulin,  that  not  only  is  a 
greater  amount  of  light  condensed  upon  any  object,  but  being 
thrown  obliquely,  many  minute  markings  can  be  seeUj  which 
tlie  veilically  reflected  light  is  unable  to  show. 

Darh  Sfops  or  If  flJ!s.— These  cousi^t  of  small  cup-like 
pieces  of  brass,  mounted  on  wire  etems  or  supports;  the  shapes 
gcneniUy  employed  are  represented  by  fig.  68,  They  are 
used  with  the  Lieberkuhns,  and  thi*ee  different 
sixes  are  usually  supplied  with  the  best  inicro- 
scopee,  the  largest  being  always  employed  with 
the  lowest  power  object-glasses*  Their  use  is 
to  cut  ofl^  all  the  rays  of  light  tliat  would  other- 
wise pass  into  the  object-glas:?,  hence  tliey  are 
required  in  all  cases  where  the  object  to  be 
viewed  is  tran:?parcnt.  The  long  stem  fits 
into  a  small  arm  attached  to  the  under  surface 
of  the  stage,  and  capible  of  being  moved  into 
the  centre  of  the  aperture  therein,  and  by  it 
the  well  at  the  top  can  be  niised  up  so  high,  as 
nearly  to  touch  the  object  itself;  the  cup- 
shaped  fonn  is  used,  in  order  that  the  bottom 
and  edges  may  not  be  within  the  focus  of  the 
Fig.  6«.  object-glass  at  the  same  time  as  the  object- 
itself,  which  would  some  times  happen  if  a  disc 
were  employed. 

Forceps*— ¥i}r  the  purpose  of  holding  minute  objects,  such 
m  ports  of  plants,  or  insects,  to  be  examined  either  as  tran- 
ipai^nt  or  opaque  objects,  various  forms  of  forceps  have  been 
contrived.  The  most  useful  of  these  is  represented  by  fig.  69. 
It  ooiiiiiBts  of  a  piece  of  steel  wire,  ubout  thiee  inches  long. 


pair  of  blades,  fitting  cloeclj  togetlier  by  their  own  elasticity, 
but  which,  for  the  reception  of  any  object,  may  be  separuted 
by  preesiog  the  two  projecting  stiul-i;  to  the  opposite  end  of 
the  ,wire  m  adapted  a  small  brass  cup,  filled  witli  cork,  into 
wliich  pins,  pasised  through  dises  of  cork,  C4irdboard,  or  other 
material  ha\Hng  objects  mounted  on  them,  may  be  atiick ;  or, 
if  preferred,  instead  of  the  cork,  a  pair  of  blsides,  fitting  accu- 
rately together,  may  be  employed,  with  tfimdl  notches  iu  each 
to  receive  the  pins.  With  all  the  old  imcro!*copc3,  one  end  of 
tlie  wire  carrying  the  forceps  was  made  pointed,  and  to  it  waa 
adapted  a  small  cyliodrieal  piece  of  ivory,  ha\ing  one  of  ita 
endd  white  and  the  other  black,  on  these  Burfaeea  the  objects 
for  examination  were  laid,  Mr,  Ross  and  JL*.  Smith  some- 
times supply  a  pair  of  three-pronged  forceps ;  the  prongs  are 
made  of  steel  wire,  they  are  curved  iind  |>ointed  at  one  end, 
and  by  means  of  a  feliding  ring  can  be  opened  or  closed.  An 
instniment  of  tliis  kind  was  in  use  as  long  ago  as  1787,  and  is 
figured  in  the  work  of  the  younger  Adams,  publislicd  in  that 
year.  The  method  of  using  these  different  forms  oi*  forceps  is 
extremely  simple :  the  object-plate  of  the  stage  of  tiie  micro- 
sc^fjc  is  supplied  with  one  or  more  holes,  into  wliich  the  pin  of 
the  forceps  may  fit ;  on  this  pin  they  may  be  turned  in  a  hori- 
zontal direction,  and  by  the  joint  above  the  pin  they  may  alsQ 
be  inclined  at  any  angle ;  and  when  once  juljusteib  the  stage 
movements  will  suffice  to  bring  aU  the  part^  of  the  object 
wWch  they  hold  into  the  field  of  view  in  succession*  With 
some  of  the  foreign  microscopes  are  supplied  other  foruis  of 
Forceps,  constructed  after  the  phm  of  our  spring  pliers  or 
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scissors;  one  of  these,  with  flat  lips  for  holding  objects,  being 
secured  to  the  object-plate  of  the  stage,  and  another,  cither 
held  in  the  hand,  or  eke  eimilarly  attached  to  the  opposite  side 
of  the  same  plate,  but  pro%'ided  with  cutting  edges  like  tlie 
pair  of  scissors  smd  to  have  been  invented  by  Smammerdain, 
are  employed  together ;  the  former  of  these  retains  the  sub- 
ject firmly  whilst  it  is  being  cut  by  the  latter.  These  forceps 
win  be  again  alluded  to  in  the  chapter  devoted  to  dissecting 
inetiauuents. 

Animalcule  Cages, — Instruments  known  by  the  name  of 
"  live  boxes"  have  been  in  use  for  many  ycai^s,  and  were  sup- 
plied with  aU  the  old  microscopes ;  they  consisted  of  a  brass 
cell,  from  tliree-quarters  to  one-inch-and-a-quarter  in  diameter^ 
into  wliich  a  planoconcave  glass  was  made  to  drop ;  upon  the 
concave  side  the  insect  was  placed  ibr  examination,  and  a  flat 
piece  of  glass  of  the  same  size>  but  tastencfl  into  the  bottom  of 
another  ceD,  could  be  screwed  do\\^i  itiKin  tiie  insect,  so  as  to 
prevent  its  movement ;  this  instniment  has  now  been  entirely 
superseded  by  more  convenient  forms,  and  amongst  them  may 
be  mentioned  the  amnialcide  cage  of  Mr,  Tulley,  and  the 
capillary  tablets  of  Mr.  Varley.  The  animalcule  cage  sup- 
plied with  the  compoimd  at4ii*omatic  microscope  of  the  late 
Mr.  Tulley,  is  represented  by  fig.  70:  it  consists  of  a  plate 

of   bra^    from   tliree    to    four 
^^^^^^^^^^^^     inches  in  length;  to  the  middle 
A^^^Biill^^^lB    ^^  ^^^^  ^'^  attached  a  piece  of 
^^^B|l|||^^^^^    brass  tube,  about  tliree-quarters 
^^^Kl^^^^  of  an  inch  in  diameter ;  into  the 

Fig  JO,  ^*^P  ^^  wliich  was  fastened  a  plate 

of  thick  glass,  over  this  tube  an- 
other short  one,  having  a  cover  of  thin  glass  cemented  to  a 
rim  at  its  top,  is  made  to  slide ;  this  last  tube  is  sufficiently 
short  to  allow  the  tliin  glass  cover  and  the  plate  in  the  fixed 
tube  to  be  brought  into  contact  The  drop  of  water  contain- 
ing tlie  aninialcides  to  be  examined,  is  put  upon  the  piece  of 
plate-glass,  which  may  be  termed  the  object-plate;  and  the 
tube  containing  the  thin  glass  cover  is  then  to  be  slid  down 
carefully,  so  that  the  drop  may  be  flattened  out;  in  order  to 
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allow  the  contained  uir  to  esciipe  in  the  sliding  down  of  the 
cover,  a  email  hole  is  drilled  In  the  top ;  this  may  be  subse- 
f]iientlj  closed  with  periling- wax,  if  it  be  required  to  pre^serve 
the  fluid  for  future  exuniieation, 

Mr,  Varley,  in  the  year  18^il,  greatly  improved  this  form 
of  instrument,  and  gave  to  it  the  name  of  t^iipilhiry  tablet  or 
cage,  in  a  paper  published  in  the  forty-eiglith  volume  of  the 
Transactions  of  the  Soeieti/  of  Art'?.  This  great  improvement 
consisted  in  making  a  channel  all  round  the  object-plate,  so  that 
the  fluid  and  the  animalcules  in  it  were  retained  at  the  top  of 
the  objeet-plate  only  by  capillary  attraction,  aud  will  bear  turn- 
ing about  in  all  directions  without  leaving  the  top,  provided  it 
be  not  suddenly  shaken*  The  cover  also  was  made  to  screw 
down  upon  the  object-plate,  and  not  to  elide  as  in  tlie  pre- 
viously described  inatnmaent;  but  in  practice  it  has  been 
found  most  convenient  to  adopt  the  sliding  tiil>e,  m  the  act  of 
screwing  sometimes  deranges  tlie  objects.  The  plate  of  brass 
to  which  the  tube  supporting  the  tablet  and  cover  is  attached, 
waa  of  a  circular  figure^  slightly  flattened  on  two  opposite 
mdeSf  for  convenience  of  package,  as  se\'eral  of  them  could  be 
contained  in  a  email  cylindrical  esse.  The  improvement  made 
by  Mr.  Varley,  in  the  object-plate  or  taldet,  is  now  adopted 
by  all  our  first-rate  microscope  makersj  but  with  some  few 
alight  modifications ;  one  of  these  instniment«,  ns  constnicted 
at  the  present  time,  is  rcprcBented  by  fig*  71  in  elevation,  and 
Tig.  7l.  '^    section    Ijy    fig.    72. 

AB  in  both  figures  ex- 
liibita  the  Hat  plate  of 
brass  to  whicli  the  short 
tube,  carrying  the  objeet- 
plate,  or  tablet,  is  fixed ; 
fif  fig.  72,  exliibits  the 
piece  of  braas  into  which 
the  tablet  c  is  fasten eil, 
b  the  tubular  part  of  the 
cover,  into  the  rim  of 
which  tire  thin   plate  of 


Fig.  72. 


glass  a  is  cemented.     Tliis  thin  glnss  cover  i«  often  cither 
8* 
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broken  or  becomes  uncemcnted ;  to  remedy  the  mconvcmence 
of  re-cementing,  Sir,  Powell  jwlopte  a  very  excellent  plan,  by 
which  a  new  cover  can  be  adnpted  with  little  trouble:  the 
tubular  top  h  provided  with  a  screw,  ujicm  the  cdoje  of  wliich 
the  cover  of  thin  gWs  or  mica  is  laid ;  over  this  a  cap  screws 
wliich  keeps  the  cover  firai.  Fig,  73  represents  the  tubular 
top,  with  it5  screw  cap,  and  fig.  74  a  section  of  the  entire 


^^^ 


Fig.  74. 


Fig.  73. 


instrument,  A  B  being  the  flat  support,  c  the  object-plate  or 
tablet,  d  the  channel  around  the  same,  b  tlie  tubular  top  w^th 
its  6crew-cap  e^  holding  down  the  thin  glass  cover  a.  When 
the  glajis  cover  is  of  tolerably  stout  glass,  these  c^es,  besides 
being  only  employed  for  animalcules,  may  be  used  for  com- 
preasing  such  objects  as  are  soft,  but  atill  too  opaque  to  be 
seen  through,  When  these  are  moderately  compressed,  their 
structm-e  is  readily  made  out ;  but  an  instinmicnt  constructed 
for  this  purpose  especially,  and  kno^vn  as  the  compressorium, 
will  be  presently  described. 

To  use  these  animalcule  cages,  all  tJiat  is  necessary  is  to 
place  a  small  quantity  of  the  fluid  containing  the  animalcides 
upon  the  object-plate  or  tablet,  and  to  slide  the  cover  careftdly 
until  the  drop  is  flattened  out  to  the  required  degi*ee  of  tliin- 
ness:  this  sholJd  never  exceed  the  size  of  tlie  tablet  itself* 
^\Tien  the  drop  of  fluid  is  mtide  flat,  the  objects  it  contains 
may  not  only  be  viewed  with  great  ease  and  convenience,  but 
they  may  be  ciirried  about  anil  kept  for  some  considerable 
time  under  observation ;  the  capillary  attraction  will  preserve 
the  fluid  between  the  two  glasses,  and  no  shaking  or  turning 
tliat  is  not  sudden  will  injure  them  in  tlie  least  When  more 
fluid  than  is  necessary  is  placed  uixm  the  bottom  glass,  the 
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excess  will  e&cape  into  the  channel,  and,  in  all  probability, 
most  of  the  animalcules  with  it ;  in  tins  case  it  is  by  far  the 

best  plan  to  wipe  away  all  the  fluid  from  the  bottom-plato 
and  the  channel,  and  make  the  latter  and  the  under  surface  of 
the  thin  glass  cover  perfectly  dry  before  another  drop  is  put 
upon  the  bottom  glass,  otherwise  the  channel,  when  once 
made  wet,  wlU  attract  the  fluid  again.  In  the  animalcule 
cages,  or  live  boxes,  mannfactiu-cd  by  IMr.  Pritchai^,  the 
bottom  plate  of  glass  is  ruled  with  fine  lines,  the  one-hun- 
dredth part  of  an  inch  or  less  apart:  this  serves  as  a  micrometer. 
When  used  dry  the  lines  ai'c  visible,  but  when  fluid  is  inter- 
poeed,  they  can  not  only  hardly  be  seen,  Vjut  all  meaaurements 
made  by  such  micrometers  ai'e  manifestly  incorrect  with 
objects  of  any  degree  of  tliickuess,  as  their  true  outline  is  not 
In  focus  at  the  same  time  as  the  lines  of  the  micrometer ;  this 
point  will  be  particularly  dwelt  upon  in  the  cliapter  devoted 
to  the  measurement  of  objects,  but  in  tliis  place  it  merely 
requires  to  be  noticed  in  connection  with  the  instrument  to 
which  it  Is  applied 

Fuhirif/  Tubes  for  Animalcules, — These  consist  of  tubes  of 
glass,  about  nine  inches  in  length,  open  at  both  ends,  and  from 
one-eighth  to  one-fourth  of  an  inch  in  diameter;  the  ends 
shoul^l  be  nicely  rounded  ofl"  in  the  flame  of  the  blijw-pii>e ; 
some  of  them  may  be  straight,  aa  in  A,  fig*  75,  wliilst  otlicrs 
shoukl  he  dra^vu  out  to  a  fine  point  as  C,  or  curved  as  m  B  D; 
in  short  tliey  may  be  made  of  either  of  the  shapes  represented 
in  fig.  75,  all  of  wliich  have  been  found  equally  desmible. 
Mr,  Varley,  to  whom  we  are  indebted  for  this  valuable  inven- 
tion, describes  the  method  of  using  them  in  vol,  forty -eight  of 
the  Transactions  of  the  Society  of  Arts*  Supposing  the  ani- 
malcidcs  that  are  about  to  be  cxamineil  to  be  contained  in  a 
phial  or  glass  jar,  as  in  fig,  76;  having  observed  where  they 
are  most  numerous,  either  with  the  naked  eye,  if  they  are 
large,  or  with  a  pocket  magnifier  or  the  watehmaker's  lens, 
described  at  page  50;  if  they  are  small,  eitlicr  of  the  glass 
tubes,  having  one  end  previously  closed  by  tlic  thumb  or  fore- 
finger wetted  for  the  purfmse,  is  introduced  into  the  phial  in 
the  manner  represented  by  the  figure ;  tliis  prevents  the  water 
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from  entering  the  tube,  and  when  the  end  is  near  to    the 
object  which  it  k  wished  to  obtain,  the  finger  is  to  be  quickly 


t^ii 


Fig,  7C 


Fig.  75, 


removed  and  as  quickly  replaced ;  the  moment  the  finger  is 
taken  off,  the  atnio«j>henc  pressure  will  force  the  water,  and 
with  it,  in  all  prol»ahility,  the  deeired  objecta  up  the  tube; 
wlien  the  finger  has  been  rejjhtced,  the  tube  eontainlng  the 
fluid  may  be  withdrawn  from  the  phial,  and  as  the  tube  la 
almost  certain  to  contain  much  more  fluid  than  is  requisite, 
Mr.  Varley  adopts  the  following  plan  for  getting  rid  of  the 

Being  provided  with  some  watch  glasses  and  some  pieces  of 
plane  glass,  if  the  tube  should  contain  more  fluid  tlian  is  necee- 
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oary,  the  entire  quantity  must  be  dropped  into  a  watch  glass, 

wMch  spreads  it,  and  the  insect  may  be  again   caught  by 

putting  the  tube  over  it,  when  a  email  quantity  of  fluid  is 

sure  to  run  in  by  capillary  attmi*tion ; 

Ntliie  sraall  quantity  is  to  be  placed  upon 
the  tablet ;  but  should  there  be  still  too 
much  for  the  tablet,  if  it  be  touched 
^^^^^^^^  with  tlie  tube  again^  it  will  be  diminished ; 
and  ahoidd  the  object  be  wanting,  the 
^^^  fluid  must  be  wiped  off^  and  tlie  opera- 

^^^^  tion  repeated  until  we  are  satisfied  of  its 

^^  presence. 

^^^^^J_^^         If  we  wish  to  place  ecveral  individuals 
^^>^- -y  -  >a^^^       together  on  the  tablet,  it  is  necessary  that 
j^^  77^  each  sliould  be  taken  up  witli  the  smalleet 

amouut  of  water;  to  effect  this  Mr.  Varley 
m^geats  that  the  tube  Bhnuld  !)e  emptied  on  a  slip  of  glass,  in 
separate  drops,  as  in  fig,  77,  and  with  one  of  the  capillary  tubes, 
but  little  larger  than  enough  to  catch  them,  they  may  be 
lifted  out  one  by  one,  and  be  placed  on  tlie  tablet.  Generally 
speaking,  it  ia  necessary  to  add  a  small  quantity  of  vegetable 
matter  to  animalcules  to  keep  them  alive;  and  as  many 
species  of  them  are  found  on  conferva?  and  duck-weed,  some 
iostrunieut  is  required  to  take  small  portions  of  these  plants 
out  of  the  jar  in  wliich  they  are  growing ;  for  this  purpose 
Mr.  Varley  has  contrived  the  forceps  represented  by  tig.  78 : 


Fig.  78. 


they  are  made  of  brass,  and  the  points  are  a  little  curv^ed ;  to 
keep  them  accurately  together,  they  are  provided  with  a  hole 
and  steady  pin.  This  Instrument,  being  thin  and  easily  closed, 
eerves  very  well  to  put  into  a  phial  and  take  out  small  portions 
of  vegetable  matter;  but  when  jai's,  such  aa  those  in  wHch 
chara  or  vallisneria  are  kept,  are  deep,  then  tlie  long  Ibi'ceps, 
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the  invention  of  my  late  brother,  Mr.  Edwin  Quekett,  and 
represented  by  fig.  79,  will  be  found  extremely  useful    They 

ehould  be  ninde  either  of  brass  or  j 
Grerman  silver,  iind  may  be  of  any 
length,  from  nine  incbee  upwardfli 
The  central  part  h  a  piece  of  wire 
about   oue-eiglith   of  an  inch  in  ^ 
diameter;   its   up|>er  end  is   fii«- 

a\m£  "  "^^^      tened  to  a  flat  piece  of  metal,  bent 
||H  ^k    round  into  two  loops^   as  repre- 

II  m  3  ^^^^^  ^J  ^E*  ^^*  ft*^  ^^  fi^^  ^^^l 
IH  ^D^iir^  second  finger  of  the  right  hand  to 
be  placed  in.  The  lower  part  of 
tlie  wire  is  split,  and  having  been 
well  Immmercd  to  make  it  springy, 
is  bent  into  tlie  form  of  a  pair  of ' 
forceps.  On  the  outside  of  the 
wire  is  a  piece  of  tube  alxjut  one- 
fourth  of  an  inch  in  diameter,  and 
shorter  than  the  wire ;  to  its  upper 
pait  is  soldered  a  piece  of  smaller 
wire,  bent  into  the  form  of  a  ring. 
The  use  of  this  instnmient  must ' 
be  obvious  from  the  figure;  the 
first  and  second  finger  of  the  right 
hand  being  placed  in  the  tv%^o 
loops,  the  thumb  is  put  into  the 
ring  at  the  top,  the  wire  by  the 
fingers  is  kept  steady,  and  by  the 
motion  of  the  thumb  the  tube  is 
raised  or  depressed;  when  the 
tube  is  raised,  the  blades  of  the 
forceps  being  springy,  open  readily, 
and  when  the  thumb  is  depressed, 
the  blades  are  as  easily  closed* 

This  pair  of  forceps  wiQ  he  found 
very  useful  for  taking  liold  of  small 

pieces  of  valisneria  and  clmm,  and  • 
Fig.  79, 
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a  pair  of  blatlea  may  be  applied  to  them  for  the  purpose  of 
cutting  off  portions  of  these  plantB  eloee  down  to  the  roots, 
even  in  tall  jam  that  are  far  too  email  to  admit  of  the  intro- 
ductioE  of  the  hand. 


COMPRESSORIIIM. 

The  compressorinm  is  an  instniment  by  which  objects  may 
be  gradually  compresfacd  between  two  pamllel  plates  of  glass. 
The  pressure  may  be  applied  whikt  the  object  is  being  ex- 
amined witli  the  microscope,  and  may  be  kept  up  at  will,  so 
that  the  alteration  which  it  a^suoies^  as  the  pres^^ure  is  being 
applied,  can  be  observed  with  facility ;  it  is  extremely  iiscfiil 
for  cniishing  or  compressing  such  objects  a«  are  so  thick  that 
the  light  cajinot  readily  be  transmitted  through  them^  or  for 
making  flat  others  whose  elasticity  m  sufficient  to  raise  up  the 
thin  cover  when  they  are  placed  between  glasses  to  l>e  viewed 
in  tJie  ordinary  way.  There  are  many  kinds  in  usa^  some  of 
foreign,  otliers  of  home  invention.  The  most  simple,  and  the 
one  in  wliich  the  power  employed  cannot  exceed  the  force  of 
two  spiral  springs,  is  made  by  Mr.  Smith,  after  a  plan  of  Mr, 
lister's,  and  is  represented  by  fig,  80.     It  consists  of  a  bottom 


Fig.  80. 

plate  of  brass  which  has  rising  from  its  centre  a  piece  of  tube 
having  on  its  outside  a  short  screw,  on  which  works  a  large 
circular  nut,  with  a  milled  head;  to  the  hisldc  of  the  tube  a 
circular  piece  of  plate-glass  is  fixed,  prey cc ting  slightly  above 
its  edges ;  tliis  may  be  called  the  ol>ject-platc :  two  small  up- 
right rods,  fastened  into  the  bottom  plate,  are  provided  with 
epiral  springs,  their  tops  being  siinnounted  by  small  nuts, 
which  keep  the  spnngs  in  place.  A  plate  of  brass,  witli  a 
hole  in  it  larger  than  the  object*plate,  is  matle  to  slide  up  and 
down  the  rmls  in  a  state  of  parallelism,  by  means  of  tlic  large 
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circular  nut ;  and  two  wedge-shaped  tongues  of  watch  spring 
are  placed  between  the  spiral  gprings  and  this  plate*  These 
tongue-shaped  springs  are  capable  of  being  moved  round  upon 
the  rods,  and  arc  for  the  purpose  of  communicating  pressure 
to  a  thin  plate  of  glass  resting  upon  the  plate,  which  is  pre- 
vented from  Bli<ling  off  bj  a  raised  edge.  The  plate  eiUTying 
tlie  thin  glass  cover  is  capable  of  buing  raised  or  depressed  at 
Willi  by  means  of  the  circular  nut.  It  will  be  seen,  that 
when  the  plate  cari-ying  the  tlun  glass  cover  is  raised  up  as 
high  as  it  will  go  by  the  milled  nut,  the  cover  will  not  touch 
the  lower  plate  of  glass ;  when  tliis  is  the  case,  the  instrument 
is  ready  for  the  reception  of  an  object.  The  ends  of  the  little 
steel  springs  must  be  lifted  up  by  the  finger-nail  or  some 
other  thin  instrument,  and  then  rotated  so  far  outwards  as  to 
get  them  clear  of  the  cover.  The  cover  being  lifted  off,  the 
object  is  to  be  placed  upon  the  bottom  jilate  with  as  much 
fluid  as  necessary,  and  the  cover  being  replaced,  the  springs 
may  be  lifted  up  and  tm^ned  back  to  their  original  position^ 
If  now^  the  nut  be  screwed  down,  tlie  spiral  springs  wiU  cause 
the  plate  to  follow  the  nut,  and  when  the  nut  has  been  tiumed 
far  enough  to  allow  the  cover  to  come  in  contact  either  with 
the  object  or  the  fluid,  it  will  be  noticed  that  as  the  screwing 
is  being  proceeded  with,  both  the  fluid  and  the  object  will 
be  more  and  more  flattencHl,  imtil  it  arrives  at  a  maximum. 
If  the  screwing  be  continued  fm'ther,  the  nut  will  leave  the 
plate  carrying  the  thin  glass  cover,  and  the  cover  itself 
will  remain  pressed  down  upon  the  ohjcct-plate  with  all  the 
foixic  exerted  by  the  spiral  and  hy  the  tongite-shapcd 
springs, 

Mr.  Ross  has  improved  upon  the  compressorium  of  Mr* 
Lister,  by  making  the  plate  carrying  the  thin  glass  cover, 
square,  and  by  adding  to  it  two  other  pillars,  making  four  in 
aU;  upon  two  of  these,  situated  at  opposite  comers,  strong 
spiral  steel  springs  are  wound,  and  to  tlie  two  others  are 
applied  finger^haped  pieces  of  Gcniian  silver,  to  keep  down 
the  tliin  glass  cover.  The  action  of  the  largo  nut  is  the  same 
as  in  Mr,  Lister's  instnmient,  but  the  pressure  exerted  by  the 
springs  is  more  powerfid  than  in  it.    The  finger-shai^ed  pieces 


ACCESSORY  INSTKtTMENTS. 


IS8 


of  German  silver  yieldmg  but  slightly,  and  tlie  ateel  epringa 
being  much  stronger  than  the  brafis  ones,  the  power  of  com- 
pression is  greatly  increased.. 

When  a  more  powerfid  compressor! iim  is  required^  tlie  form 
represented  by   fig*  81   is  liighly  usefid.      It   consists   of  a 


Fig,  8L 

plate  of  brass,  three  or  more  inclies  long  and  one-and-a-half 
btLjad,  having  in  it.*^  midillc  a  circular  piece  of  plate-glass  for 
an  object-holder ;  this  is  slightly  raised  above  the  metal  plate, 
at  one  end  of  the  latter  h  a  circular  piece  of  brass^  liaving 
attached  to  it  another  piece  of  brass,,  carrying  an  arm  capable 
of  being  moved  up  and  down  by  means  of  a  screw  at  one  end, 
whilst  at  the  other  is  a  semicircle  sujiporting  by  screws  a 
ring  of  metal,  to  the  under  side  of  wliich  a  piece  of  thin  glass 
is  cemented ;  tJie  semicircle  is  made  to  turn  upon  the  arm,  and 
the  arm  and  all  that  18  attiiched  to  it  is  capable  of  being 
turned  upon  the  liottom  plate. 

The  use  of  this  instrument  is  obvious :  if  we  wish  to  com- 
press  any  substance,  we  nuist  first,  by  means  of  the  screw, 
elevate  the  opposite  end  of  the  arm  from  the  object-plate  ;  the 
arm^  with  all  its  appurtenances,  is  then  to  be  turned  away 
from  the  object-plate,  and  the  object  V>cing  placed  on  the  plate 
with  a  requisite  quantity  of  fluid,  the  ann  is  then  to  be 
brought  into  its  proper  place  again,  and  by  means  of  the 
screw,  the  metal  ring  with  the  tliin  glass  cover  can  be  made 
to  exert  as  much  pressure  as  the  tliin  glass  cover  will  stand 
without  breaking,  Messrs.  PowcU  and  Leahind  liavc  lately 
constructed  a  much  stronger  instrument  than  that  represented 
by  fig.  81,  and  have  made  their  object-plate  of  a  tliick  piece 
of  parallel  glass,  raised  as  much  as  the  one-eighth  of  an  inch 
above  the  bottom  plate,  so  that  it  can  be  cleaned  without 
much  trouble ;  and  the  ring  containing  the  glass  cover  is  made 
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Fig.  82. 


much  stouter,  and  fito  accurately  upon  the  raised  object* 

plate. 

Trofiffhs  for  Chara  ami  Pohfps, — These  consist  of  two 
plates  of  glass,  cemiinted  together  witli  strips  of  the  same 
materixd,  or  of  metal  between  them,  to  form  tJie  sides  of  the 
trough;  one  of  these,  fU3  described  by  Mr.  Varleyj  in  the 
forty-eighth  vol  of  the  Transactions  of  the  Society  of  Artjfy  is 
represented  by  fig.  82.     e  is  a  bottom-plate  of  stout  ghiss,  upon 

whicli  is  eeuiented  with  piteh 
and  bee's- wax  a  tliin  cover  d^ 
with  slips  of  glass  between  it 
and  the  bottom-plate,  to  form 
tlie  sides.  The  cover  d  is  not 
so  broad  as  tlie  plate  c,  in  order 
that  a  slip  of  chai-a  may  be 
more  readily  placed  in  the 
trough,  as  it  can  be  first  laid  upon  c,  and  then  gradually  be 
8ljd  down  between  it  and  the  cover  A  In  order  to  render 
the  trough  more  manageable,  it  may  be  cemented  to  a  hunger 
bottom-plate  a  b^  by  Canada  balsam ;  but  it  will  be  found  far 
more  advantageous  if  the  bottom-plate  itself  be  as  large  and 
as  broad  as  a  //,  and  if  the  cover  d  be  cemented  to  it  and  not 
to  another  plate,  as  then  two  extra  siufaces  will  be  di&]>ensed 
with.  ]Mr.  Varley  infonns  me  that  a  piece  of  wire  bent  into 
the  shape  of  the  slips  of  glass  represented  in  the  figure,  and 
covered  tliickly  with  a  cement  composed  of  beeVwax  and 
pitch,  will  form  an  excellent  substitute  for  the  slips,  and  look 
very  neat ;  the  cements  of  Canada  Iiakam  or  sealing  wax  arc 
much  too  brittle  to  last  long,  as  a  sudden  jar  will  cauise  tliem 
to  ^ve  way.  Alessrs.  Smith  and  Beck  supply  witli  their 
microscopes  a  larger  and  much  thicker  trough  for  chara  and 
polyps,  as  represented  l»y  fig.  83 ;  the  front  is  composed  of 
much  tbinner  glass  than  the  back,  and  the  method  adopted  of 
confining  objects  near  to  the  front  varies  acconling  to  ciiXMim- 
etances*  One  of  the  most  convenient  plans,  is  to  place  ui  the 
titnigh  a  piece  of  glass  that  wiU  stand  across  it  diagonally,  as 
represented  by  fig.  83,  and  if  the  object  be  heavier  tban 
water  it  will  sink,  until  it  is  stopped  by  the  diagonal  phite. 
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At  other  tiiiies,  wlicn  chara  h  being  observed,  the  dkgoual 
plate  may  be  made  to  press  it  close  to  the  front  by  means  of 
thin  strips  of  gkss,  a  wedge  of  glastj  or  cork,  or 
even  a  folded  epring.  IVlien  either  of  these 
instrmnents  is  used,  it  may  perhaps  be  necessary 
to  remind  the  reader  that  the  microscope  must 
be  60  far  inehned  as  to  be  nearly  horizontal- 
Messrs.  Smith  and  Beck  adapt  to  the  object- 
phite  of  their  large  microsK-opes  a  strong  steel 
pin,  upon  which  a  spring-holder  is  made  to  fit ; 
this  serves  to  keep  the  trough  firm  and  to  prevent 
it^  tailing  off,  even  when  the  microscope  is  per- 
fectly horizontal.  This  form  of  trough  proved 
very  ser^deeablc  to  Mr.  Lister,  in  1834,  during 
Fia,  83,  '^^  investigations  into  the  structure  of  some  of 
the  higher  orders  of  polyps,  and  will  be  found  of 
very  great  value  to  those  who  devote  some  attention  to  this 
most  interesting  branch  of  scientific  inquiry. 

Froff-Platt\^-Tlm  consists  of  a  plate  of  brass  a  a,  about  six 
inches  in  length,  and  two-and-a-ball'  in  breadth,  and  either  of 
the   shape   represented  by  fig.  84,   or  of  the  same  breadth 
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Fig,  84. 

throughout;  the  former  plan  is  adopted  by  Mr,  Rosa,  the 
latter  by  Mr.  Powell.  At  one  end  it  is  provided  with  a  plate 
of  glaas  to  cover  either  a  square  or  round  apcrtm*e  b,  made  in 
the  brass,  which  serves  for  laying  the  frog's  foot  on.  Around 
this  aperture  are  placed  four  or  more  studs  c  c,  for  the  pur- 
pose of  securing  the  threads  by  which  the  web  of  the  foot  is 
kept  open ;  in  Mr,  Powell's  plate,  a  series  of  small  holes 
answer  the  same  purpose,      Mr.  Powell  also  secures  his  plate 
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to  a  large  stage  by  means  of  a  epriiig  clip,  whilst  tliat  repre- 
sented by  fig.  84  is  provided  with  a  slightly  conical  brass  pin, 
whicli  IS  made  to  fit  into  one  of  the  holes  of  the  object-plate, 
and  on  which  it  is  capable  of  being  revolvetl.  At  the  base  of 
the  pin  there  ia  a  small  strip  of  brass  for  securing  either  Uie 
tape  or  string  atbichcd  to  tlie  bag  containing  the  frog.  Some 
persons  emphiy  a  piece  of  cork  or  soft  wood  in  preference  to 
the  brass  plate;  this  has  many  advantages,  and  will  be  again 
alluded  to  in  the  chapter  di*voted  to  the  moat  approved  methods 
of  exhibiting  the  circidation  of  the  blood  in  the  lower  ainmals;, 
/V^/i  Trorif^hs.' — From  the  time  of  Leeuwcnhoek  to  witldn 
the  last  few  years,  all  inlcro^opeH  of  any  impt>rtance  were 
supplied  either  with  a  gla^s  tube  or  a  fish-pan  for  holding 
small  eels  or  minnows,  in  onler  tliat  the  circulation  in  their 
transparent  fins  might  be  i*cen :  these  have  all  given  place  to 
the  frog-plate  just  dcscribetl;  but  when  it  is  required  to 
exhibit  the  circulation  in  the  tail  of  a  small  fish,  a  glass  cell  or 
trough  will  be  foimd  very  convenient.  This  should  be  a  little 
deeper  and  longer  than  the  fish  itaelF,  and  tlie  fish  should  be 
secured  in  it  by  a  broad  tape  or  bandage,  wound  loosely  roimd 
the  middle  tliir<l  of  the  hotly,  or  even  carried  down  to  within 
a  very  short  distance  of  the  commencement  of  the  tail.  In 
order  to  keep  the  fish  alive,  the  bandage  should  be  wetted  or 
the  trough  filled  with  water :  and  to  prevent  the  flapping  of 
the  tail  against  the  object-glass,  or  the  condensation  of  the 
aqueous  vajiour  upon  it,  the  end  ot'  the  cell  where  the  tail  is 
may  be  covered  with  a  piece  of  thin  glass.  I  have  found  a 
cell  constructed  after  the  plan  represented  by  fig.  85  to  answer 

uncommonly  well,  a 
represents  a  plate  of 
,  glass  about  three  inches 
'  in  lengtli^  />  a  giants  cell 
cemented  to  it,  c(/  two 
pieces  of  glass  to  raise 
the  bottom-plate  above  the  level  of  the  stage,  in  order  that 
the  bandage  may  lie  in  a  cavity  and  not  prevent  the  trough 
from  resting  perfectly  horizontal.  Some  other  advantages  in 
Uiis  little  apparatus  will  be  again  alluded  to. 
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ii-lialf  m  diaoieter,  and  two  or  more  inches  in  length,  ha\4ng 
an  oval  hole  cut  out  at  the  top,  and  a  emiiller  tube  attached  to 
the  lower  side,  immcdjatcly  opposite  the  hole ;  within  thia  last 
slides  a  still  gmaUer  tube,  provided  in  its  interior  with  stops 
like  those  in  the  dark  chamber,  fig,  50,  and  a  eurve<l  plate  of 
brass  at  itB  top ;  it  is  capable  of  being  moved  up  and  down, 
but  a  spiral  spring  always  presaea  it  tow  ards  the  hole  in  the 
large  tube.  The  use  of  this  apparatus  is  obvious ;  a  smooth 
wide  mouth  phiah  having  chara  or  other  water  plants  growing 
in  it,  is  to  be  introduced  into  the  large  tube  in  the  manner 
represented  by  fig.  86,  the  snmll  spring  tube  having  been  first 
pfUfihed  down,  the  phial  is  then  kept  Ermly  in  contact  with  the 
upper  eiuface  of  the  outer  tube,  but  not  so  firm  but  that  it 
may  be  either  turned  rountl  or  slid  in  or  out  Tlie  small 
outer  tube,  besides  containing  the  dark  cluimber,  sen-es  tlie 
piu-pose  of  attaching  the  w*hole  of  the  apparatus  to  the  stage 
of  the  microscope.  In  order  that  the  phial  may  move  very 
smocjthly,  all  the  parts  fitting  against  it  should  be  Hned  with 
black  cloth,  and  all  the  parts  of  this  apparatus,  as  well  as  of 
all  others  through  which  light  has  to  pass,  should  ha  covered 
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with  eome  black  pigment  to  absc^rb  those  rays  of  light  which 
if  reflected  would  mate rJ ally  interfere  with  correct  definition. 
Camera  Lucidcu—^\\m  instnimcnt,  invented  hy  Dr,  Wol- 
laston  in  1807,  is  a  mast  valuable  addition  to  a  oiicrow^ope, 
both  for  delineating  minute  stmctiures,  and  for  obtaining  with 
a  mierooieter  ^'ery  accm*ate  measm-ementi?.  It  eonsista  of  a 
four-sided  priam  of  glass,  set  in  a  brass  frame  or  case,  as 
represented  by  fig.  88,  and  by  means  of  a  short  tube  capable 

of  being  applied  to  the 
jL  M  front  part   of   either   of 

^wM|  the   eye-pieces,    its    cap 

r  /!^^  liaving    been    previously 

tiiken  ofl*.  Mr,  Ross, 
from  one  of  whose  in- 
struments fig,  88  is  copied, 
attaehcs  the  prism,  by  two 
short  sup^wrts,  to  a  circu- 
lar 2>iece  of  brass  at  the 
end  of  the  tube ;  on  thia 
it  can  be  sHghtly  rotated, 
whilst  the  prism  itself  can 
also  be  tiurned  up  or  down ; 
by  means  of  two  screws 
with  milled  heads;  so  ar- 
ranged, the  camera  may 
fce  adapted  to  the  eye- 
piece, the  microscope  hav- 
Fig.  88.  ing  been  previously  placed 

in  a  horizontal  position,  if 
the  light  be  then  reflected  up  through  the  com|x»und  body,  an 
eye  placed  over  the  square  liole  in  the  frame  of  the  prism  will 
see  the  unage  of  any  object  on  the  stage  upon  a  alieet  of  w^liite 
paper  placed  on  the  table  immediately  below  it.  But  should 
it  happen  that  the  whole  of  the  field  of  view  is  not  well 
illuminated,  then,  either  by  revolving  tlie  cireidar  plate  or 
turning  the  prism  upon  the  screws,  the  desired  object  will 
be  eflPected.  The  chief  difficulty  in  the  use  of  tliis  instru- 
ment  ia  for  the  artist  to   be  able   to  sec  at  one  and  the 
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same  time  the  pencil  and  the  image ;  to  facilitate  tliia  in  some 
measure,  Mr.  Ro*8  places  either  one  or  two  lenses  below  the 
prism,  in  order  that  the  rays  from  the  paper  and  pencil  may 
diverge  at  the  same  angle  as  those  received  froiii  tiie  prism, 
whereby  both  objeet  and  pencil  may  be  seen  with  the  same 
degree  of  distinctness. 

Messrs*  Powell  and  Leal  and  supply  with  their  microscopes 
a  amall  highly  polished  steel  mirror,  fixed  at  an  angle  of  ibity- 
five  degrees,  and  placed  in  the  focus  of  the  eye-piece,  where 
it  is  held  by  a  sj^ring  clip,  as  represented  by  fig.  89,      This 

t  mirror,   being    smaller  than    the 

pupil  of  the  eye,  allows  the  rays 
of  light  from  the  paper  to  enter 
the   eye  around  it,   so  that  both 
^^^     the  paper  and  the  image  reflected 
H^^B     on  it  by  the  mirror  may  be  seen 
-M     at  the  same  time  and  under  the 
9    same  angle;  this  instrument  has 
some   few   advantages    over    the 
^*g'  ®^*  camera  of  Dr.  Wotlaston,  and  with 

it  will  be  more  especially  described  in  the  chapter  devoted 
to  the  uses  of  the  camera  in  drawing  and  in  micrometry. 

Prism, — M*  Dujardin,  to  whom   we  are  indebted  for  the 

achromatic  condenser,  found  that  to  produce  the  best  effecta 

a  prism  of  glass  of  the  form  represented  i>y  fig.  90  should  be 

used  with  it,  instead  of  a  mirror,     a  re- 

O  presents  a  short  piece  of  brass  tube,  b  a 
glass  ))rism  connected  by  screws  to  the 
tube  a  by  two  supports  e.  The  tube  is 
made  to  slide  upon  the  end  of  the  con- 
denser, and  to  turn  ufjon  it  in  such  a  man- 
ner that,  in  w Irate ver  position  the  lamp  or 
white  cloud  may  be,  the  prism  may  be 
adjusted  to  it ;  the  revolution  of  the  prism 
being  performed  u\mn  the  screws,  whoee 
extremities  are  conical  and  fit  into  corre- 
sponding depressions  in  the  side  of  the 
This  instrument  has  some  few  advantages  over  the 
9 


Fig.  m. 


prism. 
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plane  mirror:  the  quantity  of  light  is  greater,  and  all  test 
objects  in  which  delicate  markings  exist  may  be  shown  to 
the  best  advantage ;  in  con&equence  of  some  of  the  rays  being 
transnutted  whilst  others  are  reflected,  the  shadow  of  the 
markings  will  be  more  strongly  exhibited. 

Indicator, — For  the  purpose  of  |Kiinting  out  to  those  who 
are  uninitiated  in  microscopic  research  any  particular  part  o( 
an  object  that  may  be  in  the  field  of  view,  various  contrivances 
have  been  had  recourse  to;   but  the  author,  who  has  often 
found  the  want  of  some  kind  of  indicator,  first  employed  a 
slip  of  glass,  on  wliich  were  ruled  two  or  more  lines  at  right 
angles  to  each  other.     This  slip  of  glass  was  mounted  in  a 
frame  of  brass,  and  like  tlie  micrometers  of  Mr.  Jackson,  here- 
after to  be  described,  was  slid  in  through  an^  oh  long  opening 
in  one  of  the  eye-pieces  in  the  focus  of  the  eye-glass ;  by  the 
nded  glass  the  field  of  view  was  di>4ded  into  four  compart- 
ments, and  any  object  therein  could  be  so  arranged  by  the 
adjustable  stage,  that  it  might  be  in  tlie  first,  second,  or  any 
other  compartment,  or  even  might  be  so  placed,  that  the  lines 
at  their  intersection  may  pass  through  it ;  this  plan  was  very 
convenient  and  answered  unconunonly  well  with  the   lower 
powders ;  but  with  the  higher,  the  definition  was  not  good,  in 
consequence  of  the  introduction  of  the  ruled  glass  between 
the  eye  and  field  lens,  the  author  was,  therefore,  led  to  the 
construction  of  the  indicator,  represented  by  ^g,  91,  which  is 
a   very    simple  apparatus,    and    can 
be  applied  very  readily  to  any  of  the 
eye-pieces,  the  loivest  of  tliese  is  re- 
presented in  section  by  ^g,  91,  the 
eye-glass  and  fiekl-glass  being  both 
shown  to  be  planoconvex,  with  their 
plane  surfaces  towai-ds  the  eye.     Im- 
mediately above  the  field-glass  is  seen 
the  stop  or  diaphragm,  with  an  open- 
ing in  it  about  hall-an-inch  in  diame- 
ter;  between  the  diaphragm  and  the 
upper  plate  of  the  eye-piece,  a  thin 
spindle  of  wire  is  placed,  liaviug  a 


Fig.  91, 
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Fig.  92. 


very  delicate  hand,  like  that  of  a  watch,  attaclied  to  it  in  the 

focus  of  the  eye-glass.  The  Bpindle  is  provided  at  ita  upper 
part  with  a  small  handle,  for  the  purpose  of  turning  it  and  the 
hand  just  one-fourth  part  of  a  circle.  \VTien  the  indicator  is 
not  requiredj  the  hand  is  obscured  from  the  field  of  view  by 
being  turned  againat  the  aide  of  the  tube,  away  from  the  aper- 
ture in  the  stop ;  but  when  required  for  use,  it  is  turned  over 
the  aperture,  and  then  the  field  of  view  appears  as  is  shown 
by  fig.  92.     The  hand  may  be  turned  into  the  centre  of  the 

tic  Id,  and  any  object  in  particular 
that  is  required  to  be  indicated  can 
be  bron^lit  by  the  stage  movements 
imioediutely  oppusite  to  the  end  of 
the  hand.  The  form  of  hand  first 
employed  was  one  with  a  hole  near 
it^  free  extremity ;  but  it  was  found 
that  tlie  light  was  decomposed  around 
the  inner  margins  of  the  ring,  this 
led  to  the  adoption  of  the  form  repre- 
sented by  fig,  92,  as  being  less  liable 
to  interfere  with  direct  definition,  and  also  readily  made  out 
of  a  piece  of  small  Hat  steel  wire. 

Bonnet  or  Hootl  far  the  Compound  Body. — For  the  purposes 
of  drawing,  or  w^hen  an  object  has  to  be  carefully  examined 
for  a  long  time  by  Iam|>-light,  in  order  to  screen  the  eye  as 
much  as  possible  from  all  extra  illumination,  an  apparatus, 
termed  the  hood  or  bonnet,  has  been  contrived  by  Mi%  Lister. 
It  consists  of  a  shade  niiide  of  four  or  more  pieces,  either  of 
cardboanl  or  pasteljoard,  painted  black,  or  else  covered  with 
black  cloth  or  velvet:  it  is  of  an  oblong  figure,  and  the  centre- 
piece fits  upon  the  cye-piece  or  upon  the  end  of  the  compound 
body  close  to  it,  whilst  tlie  remaining  three  pieces  turn  up  to 
form  the  sides ;  sometimes  there  is  a  place  cut  out  for  tlie 
noee  to  fit  into*  When  this  instrument  i*  used,  no  light  or 
heat  can  come  near  the  eyes  but  that  n- tit' e ted  throu;^b  the 
compound  body  by  the  mirror;  all  glare,  consequently,  is  taken 
away.  Mr.  Lister's  hood  is  very  portable,  the  sides  fold  down 
upon  the  centre-piece,  and  then   it  occupies  a   very   small 
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compass.  Mr.  Leonard  has  constructed  a  much  more  aub- 
stiuitia!  hood  of  millboard,  covered  with  leather;  a  front  view 
of  this  apparatus  is  represented  as  applied  to  the  microscope 
in  fig*  93,  and  a  back  view  in  fig*  94.  The  forehead  is  sur- 
rounded by  the  cir^ 
eular  top,  and  two 
depressions  are  made 
in  it  for  tlie  nose,  one 
on  either  side  of  the 
compound  body,  in 
oi-der  that  the  ob- 
server may  use  either 
his  right  or  his  left 
eye.  The  back  of  the 
recesses  for  the  nose 
must  be  made  of  black 
silk  or  stuff,  but  not 
^*fi^*  ^^'  closed  at  the  bottom 

to  confine  the  breath, 
which  would  make  tlie 
eye-glass  dim, 

Goniometer,  —  A 
very  valuable  instru- 
ment for  measuring 
the  angles  of  minute 
crystals,  known  as  the 
goniometer,  the  in- 
vention of  Dr.  Lee- 
son,  is  capable  of  being 
Fig,  94  applied  to  the  micro- 

scope, and  is  furnished 
by  Messrs*  Smith  and  Beck  for  this  purjwse.  As  some  little 
time  is  required  before  an  observer  can  get  into  the  way  of  using 
it  witli  facility*  It  has  been  deemed  best  to  give  a  lengthened 
description  of  it  in  a  chapter  devoted  to  the  subject. 

The  various  modes  of  emplo^nng  the  knives,  forceps^  dia- 
secting  and  all  other  instruments,  supplied  with  the  best  micro- 
aeopes,  will  be  considered  in  full  in  other  parts  of  the  work. 
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CHAPTER    IV. 


THE  LAMP. 


The  lamp  generally  iie^d  for  microscopic  purposes  is  of  the 
kind  called  the  Cambridge  or  University  Reading  I^amp,  as 
shown  by  fig,  95  ;  it  is  made  of  various  shapes  and  sizes,  and 
consists  of  a  circular  reservoir  about  four  or  five  inches  in 
diameter,  and  two  or  more  inches  in  depth,  haring  the  tube 
which  conveys  the  oil  to  the  w*ick  inserted  into  one  side  of 
the  low^er  part  of  tlie  reserv^oir ;  the  tubular  part  containing 
the  wick  and  supporting  the  guile r}"  orchinmey  holder,  termed 
the  burner,  is  a  little  higher  than  the  top  of  the  reservoir ; 

this  last  is  mounted  on  a  small 
square  stem,  about  eighteen  inches 
high,  rising  from  a  heavy  metal 
stand  or  base»  and  passing  through 
the  middle  of  the  reservoir,  which 
is  made  to  slip  up  and  down  upon 
the  stem,  and  is  fixed  at  any  height 
by  means  of  a  tightening  screw  j 
the  biu'ner  is  an  argand  one,  and 
the  diameter  of  the  wick  al>out 
thrcc-fpiarters  of  an  inch ;  at  the 
bottom  of  the  biu-ner  is  screwed  a 
little  cup  for  catching  the  super^ 
fluous  oil.  lJ[K)n  the  same  square 
stem  supjK>rting  the  reservoir  may 
be  adapted  a  hood  or  shade  of  a 
conical  figure  ;  this,  like  the  reser- 
voir, slides  up  and  down  the  stem, 
and  may  be  fixed  at  any  required 
height;  it  is  generally  made  of 
metal,  and  is  of  a  dark  colour  on 
the  outside,  and  in  the  inside  is  painted  wliite,  to  throw  the 
light  upon  the  table*  Some  shades  cut  out  of  paper  that  is 
green  on  the  outside  and  white  in  the  inside,  and  fitted  u[K>n 
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a  conical  frame-work  in  wire,  are  exceedingly  usefnl,  and 
perhaps  more  bo  than  those  of  metal  The  shades  answer 
two  purposes,  the  one  to  keep  away  superfluous  heat  and 
light  from  the  eyes,  and  the  other  to  throw  a  good  light 
on  the  table.  The  heat  is  not  entirely  prevented  by  the 
metal  sha^le,  and  is  very  annoying  when  the  head  is  kept  for 
some  time  in  tlie  neighbourhood  of  it;  but  by  tlie  paper  one 
this  is  ohviatedj  which  renders  it  certainly  the  best  for  all 
purposes.  The  method  of  making  these  shades  is  described 
by  Mr.  Gwilt*  He  takes  half  a  sheet  of  good  ioolacap  paper 
and  strikes  thereon  two  simicircles,  as  in  fig.  96,  the  longest 
diameter  being  thirteen  inches,  and  the 
shorter  one  four  inches,  fitting  and  adapt- 
ing it  to  a  skeleton-sliding  frame  as  the 
case  may  require,  and  then  glueing  or 
{msting  the  superfluous  edges  together. 
When  once  properly  fitted,  another  pattern 
may  (previously  to  the  glueing  of  the  et^es)  be  traced  oat 
and  kept  at  hand,  from  which  any  number  may  at  any  time 
be  drawn,  and  a  new  shade  made  when  wanted,  in  lees  than 
ten  minutes. 

The  head  and  eyes  are  more  effectually  protected  from  the 
heat  by  a  contrivance  of  Mr*  Nasinyth,  by  using  two  shades 
instead  of  one.  The  outer  one  is  made  about  a  quarter  of  an 
inch  in  diameter  larger  tlian  the  inner  one,  and  both  have 
tubes  proceeding  from  them,  which  are  raised  so  high  as  to 
cover  the  upper  part  of  the  chimney  of  the  lamp.  By  this  con- 
trivance a  current  of  cold  air  is  continually  passing  between 
the  two  shades,  and  the  outer  one  is  consequently  kept  cooU 

Wlien  it  is  wished  to  illuminate  the  room,  and  at  the  same 
time  not  to  have  the  light  in  the  eyes,  one  half  of  the  shade 
may  be  dispensed  with,  the  remaining  pai*t  being  supported  by 
a  ring  of  wire  at  the  top  and  bottom,  as  in  the  fiume  which 
supports  the  paper  shade. 

By  far  the  best  lamps  for  burning  are  those  on  the  bird- 
fountain  principle,  in  which  the  oil  is  always  preaented  to 
the  wick  at  a  certidn  level,  and  whether  the  reservoir  be 
*  Microscopic  Jounml^  vol,  i.  p.  58. 
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qiiite  full  or  nearly  cmpt}%  the  Hght  is  perfectly  uiiifonn, 
which  18  not  the  case  with  the  Caii^bridge  lamp  before  de- 
dcrilxKl ;  the  author  for  many  years  has  used  a  email  French 
g^  lamp,  Fig.  97,  constructed  on  this 

^p  principle,  it  has  an  exceedingly  email 

wick,  always  bums  well,  and  gives 
an  excellent  liglit ;  and  the  consump- 
tion of  oil  being  small,  in  consequence 
of  the  minute  size  of  the  burner,  it 
is  liighly  advantageous  in  an  econo- 
mical point  of  view,.  There  are  many 
other  little  contrivances  in  tliis  French 
lamp,  which  here  deserve  a  separate 
description.     The  stem  does  not  pass 
through  the  reservoir,  as  in  the  Cam- 
bridge lamp,  but  through  a  square 
piece  of  bmss  ha\nng  two  holes,  one 
on  either  side  of  that  tlirough  which 
the  stem  passes ;  these  holes  commu- 
nicate with  the  reserv^oir,  and  the  oil 
flows   through   them  into  the   tube 
supporting  the  burner.     By  this  ar- 
rangement the  re8er\oir  is  phiced  on  oue  side  of  the  stem  and 
the  burner  on  the  other,  and  the  two  balance  each  other. 
Tlie  gallery  supporting   the  chimney  is   provided  with  ten 
fin-like  pieces  of  soft  brass,  about  three-quarters  of  an  inch  in 
length ;  these  stand  up  in  a  circle  and  press  against  the  sides 
of  the  chimney  and  keep  it  stea^ly,  they  can  be  bent  either 
inwards  or  outwards  to  fit  any  chimney  that  will  go  into  tlie 
lower  part  of  the  gallery.     The  cup  at  the  bottom  of  the 
buraer,  to  hold  the  superfluonaoil,  is  ingeniously  funushed  with 
a  funnel-shaped  mouth  just  above  the  screw,  by  w^iich  it  is 
attached  to  the  burner;  the  funnel  receives  all  the  oil  that  runs 
down  tlie  outride  of  the  burner,  and  in  it  are  two  holes  by 
which  the  oil  may  escape  into  the  cup.     Tltis  contrivance  pre- 
vents the  oil  from  flowing  over  the  outside  of  the  cup^  which 
by  these  means  is  kept  clean* 

Some  French  laiu{j>s  have  a  rack  and  pinion  for  raising  the 


Fig.  97. 
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vrit'k,  iiigt€£Kl  of  a  coarse  screw.     The  pinion  is  attacheti  near 
to  the  lower  end  of  the  burner,  and  is  turned  by  a  mlUed 
heail,  but  from  the  circumstance  of  the  pinion  working  in  the 
oilj  it  la  found  that  after  a  little  use  the  oil  will  escape  be- 
tween the  pinion  and  the  collar  in  w*hich  it  works,  and  will 
be    continually   dripping.     These   lamps    are    provided    also 
with  very  long  ehinmeye,  and  the  guSleiT  which  supports  the 
chimney  is  made  to  elide  up  and  down  the  burner,  so  as  to 
dirainisih  or  increase  the  intens^ity  of  the  light ;  but  by  having 
a  lamp  of  the  form  represented  in  the  fig.  97,  tlie  long  chim- 
ney and  tlie  risk  of  leakage  are  done  aw  ay  w  ith.     The  only 
inconvenience   in   the  use   of  the  fountain  lamp  is  that  the 
i-eservoir  may,  by  mistake  or  accicleut,  be  pulled  up  when 
nearly  full  of  oil,  and  it  sometimes  happens,  on  returning  it  to 
its  place,  that  some  considerable  quantity  of  oil  w^ill  escajie ; 
this  will,  therefore, raise  the  level  of  it,  and  the  wick  receiving 
more   than  it   can  consume,  the  excess   will  escape  by  the 
interior  and  exterior  tube  of  the  burner,  and  the  cup  ut  the 
bottom  to  receive  this  excess  will  ypccdily  fill  and  overflow. 
The  first  indication  of  this  occurrence  will  be  given  by  the 
elongation  of  the  flame,  and  by  iu  smoknig,  in  consequence  of 
the  holes  in  the  cup,  which  aclrait  the  air  into  the  interior  of 
the  flame,  being  stopped  up. 

To  ensure  a  good  light  from  a  lamp,  many  things  must  of 
necessity  be  attended  to.  The  lump  t^liould  be  perfectly 
clean,  and  the  wick  sn  long  as  to  be  at  least  one  inch  above 
the  brass  to  which  it  is  attached.  The  tube  through  which 
the  air  passes  to  supply  the  interior  of  the  flame  should  be  free 
from  jxtrtions  of  charred  wick,  wluch  often  lodge  in  it,  and  the 
holes  in  the  cup  at  the  bottom  of  the  burner  must  not  bo 
covered  with  oil.  The  oil  itself  ought  to  be  the  best  sperm, 
and  no  lamp  of  the  Cambridge  kind  should  be  put  aside 
for  a  long  time,  but  should  be  occ^isionally  burnt.  Those 
on  the  fountain  principle  will  bum  well  even  after  having 
been  out  of  use  for  some  months,  as  the  oil  is  kept  con- 
tinually on  a  level  with  the  top  of  the  wick,  but  in  the 
other  form,  when  the  reservoir  is  not  ftdl,  the  oil  lias  to  find 
its  way  to  the  top  of  the  wick  by  capillary  attraction. 
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Particular  attention  ought  to  be  p«ud  to  size  and  shape 
of  the  chimuey.  In  passing  a  chinmey  over  the  flame  into  it# 
place,  it  may  be  seen  that  there  is  one  point  where  the  flame 
18  at  the  bright  est,  this  point  should  be  noticed,  and  if  the 
glass  when  in  its  place  does  not  keep  the  light  at  the  same 
intensity  J  then  the  contracted  part  or  shoulder  of  the  chimney 
is  either  too  high  or  too  low  for  the  surface  of  the  wick ;  a  few 
experiments  will  soon  settle  this  point  If  the  maximum  of 
light  be  obtained  before  the  chimney  comes  into  its  proper 
place,  then  the  contracted  part  or  slioukler  of  the  glass  is  not 
high  enough  ;  if,  on  the  contrary,  the  maximum  of  light  be  not 
obtained,  then  the  shoulder  of  the  chimney  is  too  high,  hence 
the  necessity  of  having  a  gallery  that  can  be  adjusted  to 
cliimneys  of  diiterent  heights,  as  recommended  by  Mr, 
Gwilt**  Generally  speaking,  the  shoulder  of  the  chimney 
sliould  be  on  a  level  with  the  top  of  the  wick,  and  its  diameter 
at  that  part  should  not  be  more  than  two-tliirds  of  an  inch 
greater  than  that  of  the  outside  of  the  wick.  Those  chimneys, 
provided  either  with  a  disc  of  metal  or  talc,  or  which  are  con- 
tracted just  above  the  wiek,  as  seen  in  fig.  95,  apjx'ar  to 
answer  the  best*  as  with  them  the  most  intense  light  is  pro- 
duced. Chimneys  have  lately  been  made  of  a  light  blue  or 
neutral  tint  glass,  w*hich  answer  their  purpose  uncommonly 
well,  as  they  destroy  completely  the  yellow  colour  of  the 
flame,  and  render  it  beautifully  bright  If  a  lamp  having  one 
of  these  chimneys  be  placed  by  the  side  of  another  having  a 
chimney  of  the  ordinary  kind,  the  dilFerence  between  the  two 
will  be  very  striking. 

Chimney  Shade.^T\nB  piece  of  apparatus  is  described  by 
Mr,  Holland,  in  the  49th  vol  of  the  Transactions  of  the 
Society  of  Arts,  It  consists  of  a  tube  of  brass,  a  little  longer 
and  broader  than  the  chimney  of  the  lump,  having  on  one  side 
a  binas  pkte  with  an  aperture  three-quarters  of  an  inch  in 
diameter,  that  can  be  moved  up  or  down  in  front  of  tlie  flame 
of  the  lamp  by  a  rack  and  pinion.  The  tube  cuts  ofl^*  all  the 
light  from  the  room,  except  that  which  can  pass  through  the 
aperture  above  described,  and  its  use  is  that  of  preventing  any 
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light  from  falling  upon  an  ojmque  object,  except  that  from 
the  hole  in  the  shade,  in  order  tliat  the  light  on  it  may  be 
contrasted  strongly  with  the  surrounding  dark  medium.  The 
author  has  u&ed  a  shade  of  tinned  iron,  made  black  on  the 
outside  with  size  and  lampblack^  that  answers  the  same  pur- 
pose as  the  shade  of  IHr.  Ht>lland ;  but  the  plan  of  raising  or 
depressing  the  hole  for  the  light  to  pass  through  he  did  not 
adopt. 

Oil — The  best  oil  for  burning  in  lamps  is  that  known  as 
speruL  That  obtained  from  the  cocoa-nut  is  very  cheap,  and 
gives  a  good  light,  but  it  has  rather  a  disagreeable  smell, 
which  is  objectionable ;  besides  it  is  very  acid  in  its  nature, 
and  lamps  in  which  it  is  used  should  be  either  entirely  made 
of  tinned  iron,  or,  if  of  brass,  they  should  be  tinned  in  the 
inside.  Any  lamp  wliich  burns  this  oil  will  be  noticed  to  have 
all  brass  work  in  contact  with  the  oil  speedily  coated  with 
verdigris.  The  common  solai^  oil  will  bum  very  well  in  tJie 
fountain  lamps,  especially  if  the  chimney  be  constructed  like 
that  in  fig.  95,  but  in  all  those  with  the  flat  reserv^oir  it  is  far 
too  clogg)^  Some  persons  are  in  the  habit  of  biu'ning  a  com- 
mon kind  of  Florence  or  olive  oil,  but  it  does  not  answer  so 
well  as  sperm,  as,  like  the  solar,  it  succeeds  better  in  the 
foxmtain  lamps  than  in  those  with  a  flat  reservoir. 

Jatropha  Oil — The  author  has  lately  been  infonned  by  his 
friend,  J.  B»  Estlin,  Esq.,  of  Bristol,  that  an  oil,  extracted  from 
the  berries  of  a  shrub  of  the  genus  Jatropha,  found  in  the  Cape 
de  Verd  Islands,  is  used  by  all  the  microscopists  in  that  city ;  it 
bums  well,  gives  a  very  bright  light,  and  is  perfectly  free  from 
smell ;  it  does  not  clog,  but  will  keep  pure  in  lamps  for  a  very 
long  time,  the  only  thing  requiring  attention  is  that  the 
lamp  be  wanned  after  it  is  trimmed  before  being  lighted. 
Messrs.  Visger  and  ililler,  of  Bristol,  are  tlie  sole  importers  of 
these  berries  and  manufacturers  of  the  oil,  and  the  price,  which 
also  18  a  recommendation,  varies  from  4*'?.  fyd^  to  5*^.  [)er  gallon. 

Cleaning  Lamps. — Lamps  may  be  cleaned  by  nearly  filling 
the  reservoir  with  a  solution  of  caustic  jjotash,  and  allowing  it 
to  stand  for  a  day  or  two,  when  all  the  old  oil  will  be  con- 
verted into  soap.     The  jxjtiish  can  then  be  thrown  out  and 
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the  lamp  repeatedly  rinsed  with  warm  water  mitil  it  is  suffi* 
dently  clean,  which  is  known  by  the  water  coining  out  quite 
pure ;  some  boiling  water  may  now  be  poured  in  and  be  allowed 
to  renmin  for  a  few  minutes  to  thoroughly  warm  every  part ; 
it  miifit  then  be  poured  out>  and  the  lamp  turned  upside  down 
and  kept  near  a  fire  until  it  is  dry ;  when  it  is  fit  for  use  again. 
Care  niuiit,  however,  be  taken  not  to  allow  the  potai?h  to  run 
over  on  the  outside  of  any  part  of  tlie  lamp,  as  it  will  destroy 
whatever  bronze  or  i>aint  it  comes  in  contact  witL 

AVlien  the  lamp  ia  required  to  be  used  immediately  after 
cleaning,  turpentine  or  canipliine  may  be  employed  witli  great 
advantage,  it  readily  diesolves  the  old  oil,  and  even  if  a  smaU 
quantity  has  been  left  in,  it  will  mix  readily  with  new  oil,  and 
all  the  trouble  of  the  potash  and  hot  water  will  be  avoided. 

Portable  Catidle  Lftmp^ — Mn  Jackson,  to  whom  we  are  in- 
debted for  so  many  improvements  in  the  mechanical  arrange- 
ments of  the  luicroscope,  employs  as  a  substitute  for  a  lamp  a 
candle  lamp  of  the  following  construction : — a,  fig.  98,  repre- 
sents a  brass  foot  about  three  inches  in 
diameter,  into  which  is  screwed  a  tube  h, 
about  six  inches  long  and  one  in  diameter. 
Within  this  slides  a  smaller  tube,  that  is 
provided  with  a  cylinder  of  wax,  which  is 
pressed  on  by  a  spiral  spring,  like  a  Pal- 
mer's candle ;  the  upper  part  of  this  inner 
tube  is  seen  at  d,  it  has  fastened  to  it  a  disc 
of  brass,  having  a  rim  on  its  outer  edge  to 
support  tlie  chimney  c,  wliich  is  kept  fimily 
in  its  place  by  a  tliin  circular  ring  of  brass 
having  three  notches  in  its  outer  mai^gin; 
these  fit  under  three  wedged-ehaped  pieces 
of  metal  on  the  edge  of  the  <Iisc,  and  pre- 
vent the  chimney  from  falling  off.  The 
cylinder  of  wax  is  not  provided  with  a  wick, 
but  a  short  piece  of  twisted  cotton,  to  answer 
the  purpose  of  a  wick,  is  placed  upon  a  sharp  point  of  wire,  as 
seen  at  e,  A  condensing  lens  /,  pn:»\dded  with  all  the  usual 
movements  for  adjustment,  can   be  attached  to  a  small  fin- 
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like  procesa  connected  with  the  disc  of  metal  carrying 
the  chimney,  and  by  it  both  opaque  and  transparent  object* 
can  be  iiliuninated. 

For  convenience  of  carriage,  the  tube,  and  the  chimney  r, 
can  be  removed,  and  the  inner  tube  d  having  been  pulled  out 
of  b^  the  chimney,  with  a  cylinder  of  wood  covered  with  cloth, 
can  be  slid  over  the  tube  ^,  and  the  whole  w^iU  then  pack  in 
a  small  compass,  Tlie  cylinders  of  wax  are  similar  to  those 
constructed  by  Molyncux,  but  the  first  mention  of  their 
application  as  an  illuminator  for  the  microscope  was  made  by 
Mr.  Jack&on  to  the  Microscopical  Society  in  1841. 

A  wax  candle  will  be  found  to  give  a  very  pure  white  light, 
and  may  be  used  as  a  substitute  for  the  lamp ;  but  unle&s  the 
flame  is  covered  with  a  chimney,  tlie  constant  flickering  from 
currents  of  air,  occasioned  by  persons  moving  about  in  the 
room,  becomes  an  annoyance.  The  level  of  the  flame  is  also 
constantly  varyhig  as  the  candle  is  being  consumed,  hence  it 
is  necessary  to  employ  such  a  candlestick  as  that  represented 
by  fig,  99 ;  by  means  of  which  either  a  long  or  a  short  piece 
of  candle  c  may  be  brought  to  the  re- 
quired height  by  raising  the  socket  into 
which  the  candle  fits  either  up  or  down 
the  stem  b  that  supports  it,  and  fixing  it 
by  a  screw,  A  foot  a,  loaded  with  lead, 
will  be  required  to  keep  the  candlestick 
perfectly  steady.  Mr.  Pritchard  some- 
times employs  a  candlestick  that  is  con- 
nected by  a  jointed  arm  to  tlie  main  pillar 
of  the  microscope,  this  forms  a  steady  sup- 
port for  it,  and  allows  of  its  being  moved 
Fig,  &9.  with  the  microscope  wherever  it  may  be 

required. 
Those  who  may  have  their  houses  supplied  with  gas  w  ill  find 
that  by  means  of  a  flexible  tube  connected  witli  an  argand  or 
other  burner,  mounted  on  a  moveable  stand,  they  w^ill  get  a 
very  convenient  light  for  all  purposes.  If,  for  instance^  in 
the  centre  of  the  room  there  be  a  chandelier,  then  a  flexible 
tube  may  be  screwed  to  one  of  the  pipes,  and  being  attached 
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by  its  opposite  end  to  a  burner,  the  tube  will  allow  of  its  being 
moved  about  to  all  parts  of  the  table  where  it  may  be  re- 
quired* If  the  table  be  a  fixture^  a  large  gas  pipe,  himng  a 
number  of  screws  at  the  top  to  receive  union  joints,  may  be 
brought  up  through  its  centre^  and  as  many  burners  as  may 
be  required  attached  to  the  central  pipe  by  means  of  flexible 
tubes.  In  all  cases  the  argand  burner  should  be  mounted 
on  a  stand  similar  to  that  on  wluch  the  oil  lamps,  figa,  95  and  97 
are  mounted,  so  that  the  flame  may  be  raised  or  depressed  to 
suit  e\  ery  kind  of  microscope. 

Many  peraons  are  now  in  the  habit  of  burning  camphine 
lamps ;  these  are  most  frequently  too  high  for  the  microscope, 
and  the  reservoir  being  large  and  immediately  under  the  liglit, 
prevents  their  use,  unless  tlie  microscope  is  placed  at  some 
considerable  distance  from  the  lamp.  Iklr.  Gil  let  t,  whose  im- 
proved method  of  illumination  of  transparent  objects  I  shall 
have  presently  to  describe,  employs  a  smidl  canxphine  lamp, 
mounted  on  an  adjiistable  stand,  for  the  purpose,  Tlie  method 
of  applying  his  important  principles  to  the  illumination  of  test 
objects  will  need  a  separate  description. 

To  Clean  Chimneys  of  Lamps.— In  all  cases  where  a  chim- 
ney is  used  with  a  lamp,  it  is  Uable  at  times  to  become  dull 
and  smoky  ;  this  cannot  be  washed  off  by  water  alone,  a  small 
quantity  of  hydrochloric  acid  added  to  the  water  will  at  once 
remove  it.  When  this  is  not  at  hand,  a  mixture  of  common 
salt  and  vinegar  will  answer  the  same  purpose.  A  piece  of 
flannel  fastened  to  the  end  of  a  stick  and  dipped  into  either  of 
these  liquids  will  serve  to  convey  it  to  all  parts  of  the  glass. 
Care  mnat  be  taken  to  have  the  chimney  wi[>ed  perfectly  dry 
before  it  is  put  over  the  flame,  otherwise  it  is  liable  to  crack ; 
and  when  the  lamp  is  first  lighted,  it  is  advisable  to  have  the 
entire  circle  of  the  wick  lighted  before  the  chinuiey  is  jiut  on  : 
iome  persons  put  the  chimney  on  when  only  a  portion  of  the 
wick  18  lighted,  this  is  always  attended  with  risk. 
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CHAPTER  V. 


ON  THE  MAQNIFTING  POWERS  USED  WITH  81»rPLE  AND 
ACHROMATIC  COMPOUKD  BilCROSCOPES. 

It  has  been  previously  stated,  at  page  64,  that  the  magnifying 
powers  employed  with  the  simple  microscopes  may  be  di^nded 
into  tlioae  conai&ting  of  one  lens  only,  or  into  those  of  two  or 
three  lenses  combined,  and  temicd,  in  consequence,  either 
doublets  or  triplets  The  former  was  stated  to  answer  un- 
<*oinmonly  well  for  all  the  lowest  powers,  and  the  latter  for 
the  higliest.  It  would  he  foreign  to  our  purpose  to  enter  in 
detail  into  all  the  different  methods  of  constructing  the  mag- 
nityinj^  powers  or  lenses  that  frum  lime  to  time  have  occupied 
the  attention  of  the  learned  in  this  and  other  coimtries,  nor 
will  it  be  necessary  to  trac€  the  alteration  in  course  that  the 
rays  of  light  undergo  in  their  passage  through  lenses  of  the 
various  figures  employed  in  optical  instnmients,  as  tliese  will 
be  found  fully  descriljed  in  the  works  exclusively  devoted  to 
this  subject;  but  in  order  to  understand  in  what  an  achro- 
matic object-gla^^is  differs  from  one  of  the  ordinary  consti'uction, 
it  will  be  requisite,  in  the  6rst  place,  that  certain  terms,  such 
as  spherical  and  chromatic  aberration,  and  angle  of  aperture, 
be  fully  understood,  Most  persons  are  famihar  with  the  fact 
that  when  parallel  rays  of  light  fall  ufKin  a  piano  or  double 
convex  lens,  they  are  brought  to  a  point  at  a  certain  distance 
from  the  lens,  which  point  is  termed  their  focus.  Thus  sup- 
pose in  fig.  100  that  the  rays  L  L,  &c,,  which  are  drawn 
parallel,  are,  after  passing  through  tlie  planoconvex  lens, 
brought  to  a  focus  at  F,  this  would  take  place  if  the  lens  were 
|>erfect ;  but  it  is  found  in  practice,  that  instead  of  meeting  in 
a  single  point  F,  the  rays  are  subject  to  two  different  causes 
of  error  or  aberration:  the  first  is  called  the  spherical,  the 
second  the  chromatic  aberration ;  and  as  no  lens  can  be  made 
except  that  seen  in  section  in  figs,  100  and  101,  viz,,  the  plano- 
convex, without  botli  its  surfaces  being  portions  of  spheres; 
and  it  has  been  aliumlantly  proved,  by  experin^ent,  that  no 
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Fil.^  im. 


Fhr.    101. 


lens  with  a  spherical  aur&ce  can  bring  the  rays  of  light  iasa- 
ing  from  one  point  into  the  focus  at  another  point,  all  must 

be  subject  to  what  is 
termed  spherical  aberra^ 
tioTiy  as  ahown  in  fig*  101, 
where  LL,  &c,,  repre- 
sent five  parallel  rays  of 
light,  the  two  outer  of 
these  will  be  hrouo:bt 
into  a  focus  at  F,  whilst 
the  three  central  ones 
will  be  rcfmcted  to  a 
more  distant  point  at  f, 
the  distance  from  F  to 
/  being  called  the  hn^- 
tudiiml  spherical  aberra- 
tion. If  the  lens  were 
placed  with  its  convex 
side  towards  the  parallel 
raySj  the  aberration  would  then  be  but  trifling:  the  saine 
result  would  be  obtained  even  if  the  lens  were  equally 
cx>nvex  on  both  sidea^  A  second  difficulty  now  arises, 
termed  chromatic  al^erration ;  whatever  be  the  form  of  the 
surface  of  the  lens  opposed  to  the  light,  the  material  itself 
will  act  upon  diflferent  jwrtions  of  each  ray  with  different 
forces,  and  separate  the  white  light  into  a  variety  of  colours ; 
this  effect  is  represented  by  fig.  102,  L  L,  &c.j  are  parallel  rays 

of  light  falling  upon  a  plano- 
convex lens;  two  of  these, 
one  from  the  margin,  the 
otht  r  I  ronn  nearer  the  centre, 
are  shown  as  dispersed  and 
coloured,  as  in  the  spec- 
tnun  fonned  by  a  prism; 
Fig.  102.  these    coloured    rays    will 

cross  each  other  at  S  S,  the  \iolet,  being  more  refrangible  tlian 
the  red,  will  be  brought  to  a  focus  the  nearest  to  the  lens ;  so 
that,  besides  the  spherical,  there  is  the  chromatic  ahcrnition. 
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The  lenticulai'  form  of  the  glass  does  not  of  itself  decompoae 
tlie  light,  but  whenever  a  ray  passes  from  one  medium  into 
another  more  or  less  refractive,  the  dispersion  is  certain  to 
take  place.  As  every  lens,  according  to  its  figure,  is  more  or 
less  subject  to  these  two  kinds  of  aberrations,  it  becomes 
necessary  to  aseertain  liow  such  sources  of  error  niay  be 
remedied:  tliis,  as  will  presently  be  shown,  can  be  accom- 
plished by  the  employment  of  two  or  more  lenses,  whereby 
tlie  li*;:ht  that  has  traversed  the  centre  of  the  first  lens  may  be 
made  in  the  second  to  pass  through  near  the  margin;  the 
defect  may  also,  in  some  measure,  be  comiteracted  by  dimin- 
ishing the  apertm*e  of  the  lens,  by  placing  a  stop  or  diaphragm 
behind  it,  to  cut  oW  tlie  peripheral  mys ;  but  this,  in  all  cases, 
is  attended  with  loss  of  light ;  and  although  the  lena  defiiie« 
better,  its  penetrating  power  is  reduced  in  a  like  proportion. 
For  all  lenses  of  very  low  power  that  are  employed  with 
simple  microscopes  for  dissecting,  the  spherical  and  chromatic 
aberration  nee*!  liardly  be  considered;  it  is  only  when  the 
higher  powers  are  required  either  to  be  used  singly  or  as 
object-glasses  for  the  compound  instrument,  that  the  two 
kinds  of  aberration  must  of  necessity  be  done  away  with,  or, 
in  other  words,  that  the  aperture  be  increased  without  inter- 
fering with  definition.  The  spherical  aberration  may  be  con- 
8idend>ly  diminished  by  attending  to  the  figure  of  the  lens 
employed ;  thus,  if  it  be  a  planoconvex,  the  convex  side  should 
be  placed  towanls  the  eye ;  if  a  double  convex,  it  haa  been 
found  in  practice  that  one  whose  radii  are  in  the  proportion  of 
one  to  six  is  the  form  in  which  the  aberration  is  the  least;  but 
it  can  be  entirely  got  rid  of  by  combinations  of  lenses  so  dis- 
posed, that  theu^  opposite  aben-ations  may  correct  each  other ; 
this  was  first  accomplished  in  a  satisfactory  manner  by  the 
doublet  of  Dr.  Wollaston,  before  described  in  pages  30  and 
65,  as  consisting  of  two  planoconvex  lenses  whose  focAl  lengths 
are  in  the  pro|X)rtion  of  one  to  three,  the  lens  of  shortest  focus 
being  placed  next  the  object,  and  the  convex  surfaces  of  both 
directed  towards  the  eye,  with  a  stop  or  diaphragm  between 
them.  WollaRton  did  not  employ  the  stop,  as  hie  doublets  were 
of  such  high  power,  that  the  lenses  nearlv  touched  each  other. 
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The  action  of  the  doublet  will  be  beat  iinderst4X)d  by  the 
diagram,  figp  103,  copied  from  Mr.  Ross'a  article  **  MJcroscope,** 

bcibre  alluded  to,  where 
P  represents  a  i>ortiun  of 
the  pupil,  D  D  the  diii- 
phm^tu  or  .stop,  and  L  O 
L '  the  i  *bj  ec t.  Each  of  the 
petieila  of  IJtrht  from  the 
extreiiiities  of  the  object 
L  L'  m  rendered  eccentric 
by  the  stop,  and  the  ray 
that  passed  through  the 
first  lene^  near  to  the  cen- 
tre h  made  to  pass  tli rough 
the  peril ihery  of  the  ee- 
eond  lens,  and  even  on  the 
opposite  t^ide  of  the  com- 
mon axis  P  O ;  thus  each 
is  affected]  by  oppt»site 
cn^cirs  which,  in  sonic 
measure,  neutmhae  each 
other,  and  the  rays,  R  B»  U  l\  emanating  from  L,  being 
bent  to  the  right  in  the  lower  leu:^,  and  to  the  left  in 
the  upper,  and,  as  the  moat  refrangible  of  the  coloured 
rays  the  blue,  is  altered  in  its  course  at  each  bending,  and 
falls  near  the  margin  of  the  second  lens,  where  the  refnic- 
tion  IB  more  powerful  than  in  the  centre,  the  blue  and  red 
rays,  will  emerge  very  nearly  parallel,  and,  consequently, 
colourless  to  the  eye;  thus  the  chromatic  aberration  is 
nlmoet,  if  not  entirely  destroyed,  whilst  the  spherical  has 
been  considerably  diminished  by  the  cireninstance  that  the 
side  of  the  pencil  which  parses  one  lens  nearest  the  axi«, 
pa«de8  the  other  nearest  the  margin.  But  however  carefiilly 
a  doublet  of  this  form  may  be  const ructedj  there  mui^i  of 
nece^ity  be  some  small  amount  of  error ;  the  central  pencil 
will  occupy  the  same  relative  iiositlon  in  both  lenses,  the  cor- 
rection of  this,  consequently,  will  be  imperfect,  and  all  tho^e 
rays  intermediate^  between  the  centre  and  the  margin  will 
10 
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vaiy  according  to  their  distance  from  one  or  the  other ;  but 
allowiDg  thiB,  the  doublet  is  ueverthelese  vastly  superior  to 
any  single  lens  of  the  same  powerj  and  may  be  made  to 
transmit  a  pencil  of  an  angle  from  35*^  to  50**,  without  any 
very  sensible  errors,  and  to  exhibit  most  of  the  usual  test 
objects. 

Another  most  iiuportant  improvement  In  the  magnifying 
power  of  the  simple  microscope  is  the  triplet  of  Mr.  Holland, 
before  deaeribed  in  pages  31  and  65;  in  this  instrument  three 
lenses  are  employed,  the  two  lowest  being  placed  close  to- 
getlier,  and  the  stop  between  them  and  tlie  third.  The  first 
bending  of  the  rays  beiug  acc-omplished  by  two  lenses  instead 
of  one,  the  aberrations  are  so  much  diminiehedj  that  the 
second  bending  neutmlizes  them  entii*ely.  The  triplet, 
though  composed  of  three  lenses,  is,  nevertheless,  a  doublet  in 
its  action,  and  is  capable  of  transmitting  a  ix^ncil  of  sixty-five 
degrees  witia  distinctness  iuid  correctness  of  definition.  With 
the  triplet  we  arrive  at  the  highest  stage  of  perfection  that 
the  single  microscope  has  ever  yet  attained,  as  the  errors  of 
spherical  and  chromatic  aberration,  to  which  all  single  lenses 
are  more  or  less  subject,  are  entirely  destroyed ;  but  however 
well  either  the  triplet  or  the  doublet  may  perform  separately, 
they  will  not  answer  well  as  object-glasses  to  the  compound 
microscope,  where  any  error,  however  sUght,  in  the  object- 
glass,  is  further  magnified  by  the  eye-piece  ;  the  construction 
of  a  magnifying  power  for  the  compound  microscope  is,  there- 
fore, a  more  complicated  matter  than  that  either  of  a  doublet 
or  triplet,  for  not  only  must  several  lenses  be  employed  to 
fonu  one  magnifyer,  but  even  two  different  kinds  of  glass  must 
be  used  for  one  lens  of  such  magnifier ;  and  throughout  the 
whole  range  of  optical  science,  perhaps  there  is  no  single 
problem  that  has  ever  yet  engaged  so  much  of  the  attention 
of  the  learned,  in  all  countries,  as  that  of  achromatism;  and  of 
all  the  trimnpha  in  science  that  have  been  achieved  by  a 
combination  of  the  labours  of  the  mathematician  and  the 
workuum,  no  one  can  outvie  in  delicacy  of  construction  and 
in  importance  a  well  made  achromatic  combination. 

In  order  to  understand  the  diflPerent  parts  entering  into  the 
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composition  of  a  perfect  object-glass  for  the  conipouod  niicra- 
acope,  it  must  be  firat  ahown  how  the  rays  of  light  compoil 
theniflelves  in  tlieir  passage  through  a  conijKJund  niieroeeope, 
one  of  the  ordinary  kind  that  is  not  athrojuatic*  Fig.  104 
represents  a  compound  microseope  of 
two  lenses,  A  B  being  an  object,  C  D 
the  object-glass,  and  L  JI  the  eye-glas^. 
The  iMiys  proceeding  from  the  object 
A  B  are  acted  on  by  the  lens  C  D, 
and  are  brought  to  a  focus  at  B'A';  but 
not  being  intercepted  there,  they  cross 
and  pass  on  till  they  reach  the  eye- 
glass L  il,  by  which  they  are  rendered 
nearly  pandlel,  and  as  such  reach  the 
eye,  tlie  image  B'  A'  answering  as  an 
object  to  the  single  lens  L  M.  The 
magnitying  power  of  the  compound 
microscope  depends  on  two  circum- 
stances; first,  the  focus  of  the  lens,  that 
is  the  distoncc  of  C  A  or  I>  B,  and, 
secondly,  the  posterior  focus  C  B'  or  D 
A',  the  power  may  be  increased  by  sub- 
stituting a  lens  of  shorter  focal  length 
thfm  C  D,  or  by  making  the  distance 
between  C  D  and  L  M  greater,  and 
by  the  addition  of  a  second  lens  at  the 
eye  end,  the  field  of  view  is  by  this 
nuich  increased,  and  we  have  fonned  what 
is  tciTutnl  an  eye-piece;  but  by  this 
arningement  nothing  hrn^  been  done  to 
diminish  cither  the  spherical  or  tlie 
chromatic  aberration.  One  very  great 
advantage  which  the  conipound  has  over 
the  simple  microscope,  besides  the 
greater  magnifying  power,  is  that  the 
Fig.  104*  fi^lil  of  view  is  lai'ge  and  equally  good 

in   all  directions,  wherejid,  in  the  simple,  the  field  is  small 
and   only  gcK»d  in    ihc  centre.       However   well   an    lUfitru- 
10* 
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ment  of  this  kind  be  constructed,  it  will  fail  to  exhibit  even 
many  of  the  ordinary  test  objeotB;  it  ie,  therefore,  unfit  for 
the  purposes  of  scientific  investigation,  for  in  the  diagram 
given  at  fig.  104,  it  must  not  be  supposed  that  the  image  of  the 
object  formed  by  B'  A'  is  a  correct  one ;  on  the  contrary,  all 
the  space  between  that  arrow  and  the  one  drawn  immediately 
above  it,  is  occupied  by  an  infinite  number  of  variously 
coloured  images  of  different  sizes,  tliose  nearest  C  D  being 
blue,  and  thoee  most  distant  red,  the  effect  of  which  is  to 
destroy  definition  and  to  render  the  image  obscure.  To  over- 
come all  these  difficulties  has  been  a  labour  of  years,  and  for 
an  account  of  the  various  steps  towards  improvement  which 
have  taken  place,  the  reader  must  consult  the  latter  part  of 
the  History  of  the  Microscope^  beginning  at  page  32,  where 
these  points  are  described  in  chronological  order. 

The  first  attempts  to  achromatise  the  object-glass  were  not 
very  successful ;  and  we  find  that  within  the  last  twenty  years 
such  philosophers  as  Biot  and  Wollaeton  predicted  that  the 
compound  microscope  would  never  excel  the  simple  when 
supplied  with  doublets.  Happily  for  us  such  opinions  have  been 
since  found  to  be  groundless,  **  and  the  compound  microscope,** 
says  Mr.  Rosa,*  "  within  the  last  fifteen  years,  has  been  elevated 
from  the  condition  previously  described,  to  that  of  being  the 
most  important  instrument  ever  yet  bestowed  by  art  upon 
the  investigator  of  nature." 

In  the  year  1824,  without  knowing  %vhat  had  been  done  on 
the  Continent  by  Amici,  Frauenhofer,  Selligues,  and  Cheva- 
lier, the  late  Mr.  Tulley,  of  London,  succeeded  in  making  the 
first  English  achromatic  object-glass  for  a  comiKjund  micro- 
scope; it  was  composed  of  three  lenses,  and  was  capable  of 
transmitting  a  pencil  of  IS'';  he  soon  after  constructed 
another  combination  to  be  placed  in  front  of  the  first 
mentioned,  which  increased  the  angle  of  the  pencil  to 
SS**,  thus  was  the  difficulty  overcome.  Mr.  Tulley 's  object- 
glass  exhibited  a  flat  field,  and  was  perfectly  corrected ; 
to  it  also  was  applied  an  eye-piece,  by  which  the  magnifying 
power  produced  was  one  hundred  and  twenty  diameters  \  but 
*  Penn^  C^dopttdia^  Art.,  Microsrope. 
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when  the  second  combination  was  added,  the  power  was 
increased  to  three  hundred.  Mr.  Tulley  was  encouraged  and 
greatly  aided  in  his  researchee  by  Dr.  Goring  and  Mr.  Joseph 
Jackson  Lister,  but  still  he  never  obtained^  by  hia  own  eom- 
binationSj  an  angular  aperture  beyond  thirty-eight  or  forty 
degrees:  it  waa  left  for  Mr.  Liflter,  in  1829,  to  point  out 
how  lenses  could  b€  combined  &o  as  to  give  a  perfectly 
Bat  fields  and  at  the  same  time  to  transmit  a  pencil  of  50"^. 
Mn  Lister's  paper,  as  before  stated,  at  page  40,  was 
published  in  the  Philosophical  Transactions  of  the  Royal  So- 
ciety,  and  so  valuable  was  the  information  afforded  by  it,  that 
from  the  time  of  its  publication  up  to  the  present,  it  has  been 
the  foundation  of  all  the  improvements  in  the  achromatic 
microscopes  made  in  England-  In  the  doublet  of  Wollaeton, 
and  in  the  triplet  of  Mr.  Holland,  before  described,  the  lenses 
were  all  made  of  the  same  kind  of  material ;  but  in  order  to 
render  an  object-glass  for  a  compound  microscope  achromatic, 
f^Bm  of  two  different  densities  must  be  employed,  as  in  the 
telescope  invented  by  DoUond,  and  still  in  use.  To  form  a 
planoconvex  len»  of  these  materials  flint  glass  was  iised  as  the 
planoconcave  and  crown  for  the  double  convex;  one  of 
the  surfaces  of  the  latter  being  accurately  ground  to  fit  into 
the  concavity  of  the  former,  as  shown  by  fig.  105,  so  that  when 
the  two  were  thus  combined,  a  planoconvex  lens  was  formed, 
Previous  to  Mr,  Lister's  discoveries,  the  two  lenses  were, 
in  most  cases,  accurately  fitted  to  each  other,  but  he  suggested 
tlmt  the  flint  glass  should  he  planoconcave,  and  that  it  should  be 
joined  to  the  convex  by  some  Uglily  refracting  cement,  such 
as  Canada  balsam.  The  first  condition,  he  states,  obviates  the 
risk  of  error  in  centring  the  two  curves,  and  the  second 
diminishes  by  nearly  one-half  the  loss  of  light  from  reflection, 
which  is  very  great  at  the  numerous  surfaces  of  a  combination, 
and  besides  the  making  of  the  field  more  clear,  all  dewiness 
and  vegetation  are  prevented  from  growing  between  the 
gksses.  These  two  conditions,  then,  that  the  flint  lens  shall 
be  planoconcave,  and  that  it  shall  be  joined  by  some  cement 
to  the  convex,  are  taken  as  the  basis  for  the  microsc^opic 
object-glass,  prorided  they  am  be  reconciled  with  the  destntc* 
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tion  of  the  spherical  and  chromatiG  aberratioiD  of  a  large 
penciL  For  all  the  detail  connected  with  this  important  sub- 
ject, the  reader  is  referred  to  the  paper  it^lf  in  the  Philaath- 
phical  TranmttwnSf  where  will  be  found  the  various  steps  by 
which  Ml*.  Lister  was  led  to  sucli  valuable  results.  The 
achromatic  ol^ect-^lafises  made  by  our  three  most  eminent 
opticians,  Messrs.  Poweltt  Ross,  and  Smithy  conmst  of  two  or 
three  compound  lenees,  which  cannot  be  used  separately^  but 
are  fixed  into  a  long  tube  or  case,  as  shown  by  fig*  22, 
page  42 J  or  else  in  section  in  fig*  105,  where  A  repre- 
sents the  anterior  pidr  of  lenses,  M 
the  middle,  and  P  the  posterior,  the 
three  sets  combined  fonn  the  achro- 
matic object-glaas ;  and  all  the  first  rate 
instruments  are  supplied  with  as  many 
ias  five  or  mx  of  these  objectiTes  of 
different  powers  from  20  up  to  2000  dia- 
meters :  but  the  great  expense,  of  their 
manufacture  has  been  always  a  bar  to  the 
more  general  employment  of  the  achro- 
Fig.  105.  matic    microscope;    and    in  order    to 

remedy  the  evil,  other  combinations  have  been  constructed 
in  which  the  last  lens,  or  that  nearest  the  object,  may  be 
removed;  by  tliis  proceeding  the  magnifying  power  is  very 
much  diminished,  but  the  remainder  of  the  combination  is  80 
adjusted,  that  with  the  addition  of  a  dark  stop  drawn  over  the 
last  lens,  it  will  answer  very  well  for  the  lower  poweria, 
Messrs.  Smith  and  Beck  supply  with  their  microscopes  two 
seta  of  object-glasses,  the  front  lenses  of  which  slip  on  or  oflT, 
so  that  four  different  powers  may  be  formed,  varying  in  their 
focal  length  from  one-inch-and-a-half  to  one-eighth  of  an 
inch;  Messrs.  Powell  and  Ross,  on  the  contrary,  always 
iupply  distinct  combinations.  The  object-glasses  made  on  the 
Continent  consist  of  seta  of  three  or  more,  screwed  one  upon 
the  other;  of  these,  the  first,  second,  or  third  may  be  used 
separately  or  combined,  by  this  means  three  different  powers 
may  be  obtained,  but  as  no  single  objective  of  two  lenses  can 
be  perfectly  corrected,  these  object-glasses  can  only  act  well 
when  all  three  sets  are  combined,      A  i*t'ction  of  a  modem 
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eimipound  acliromatic  microecope,  fis  maBuiketured  by  our 
beat  makersy  is  repreaented  by  fig.  106,  where  o  is  an  object, 
and  above  it  is  seen  the  triple  achro- 
matic object-glasa,  in  connection  with 
the  eye-piece  E  E,  F  F,  the  planoconvex 
lens  E  E  being  the  eye-glaas,  and  F  F 
tiie  field-glass,  and  between  them  at  B  B 
a  dark  stop  or  diaphra«^.  The  course 
of  the  light  is  shown  by  three  raysi 
drawn  from  the  centre,  and  thi-ee  from 
each  end  of  the  object  O;  these  rays,  if 
not  prevented  by  the  lens  F  F,  or  the 
diapliragm  at  B  B,  wonld  form  an  image 
at  A  A  ;  but  as  they  meet  with  the  lena 
F  F  in  tlieir  passage,  they  are  converged 
by  it  and  meet  at  B  B,  where  the  dia- 
pln-agni  is  placed  to  intercept  all  the 
light  except  that  required  for  the  forma- 
tion of  a  perfect  inuige»  the  image  at 
B  B  is  further  magnified  by  the  lens 
E  E,  as  if  it  were  an  original  object  in 
the  manner  described  at  pages  67  and 
138.  The  triple  acliromatic  combination 
constructed  on  Mr,  Lister's  improved 
plan,  although  capable  of  transmitting 
large  angular  pencils,  and  corrected  as 
to  its  own  errors  of  spherical  and  chro- 
matic aberration,  would,  nevertheless, 
be  of  little  service  without  an  eye- 
piece of  peculiar  construction.  As 
thia  subject  has  been  so  admirably 
ti'eated  by  Mr,  Ross,  in  the  Pennt^ 
Ctfclop(Bdia,  it  has  been  thought  most 
deairable  to  quote  his  o^vn  words,  as 
follows  ;^ — 

**If  we  stopped  here,**  says  Mn 
Boss,  **  we  should  convey  a  very 
imperfect  idea  of  the  bcautiftil  series 
of  corrections     effected    by   the    eye- 
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piece,  suid  wliieli  were  fircst  pointed  out  in  detail  in  a 
paper  on  the  eubject,  published  by  Mr,  Varley,  in  the 
fifty-firot  %olurne  of  the  Tramartians  of  the  Society  of  Arts, 
The  eye-piece  in  question  was  in\ented  by  Huyghens  for 
telescopes,  with  no  other  v'irw  than  that  of  diminishing  tlie 
sjjherical  aberration  by  producii^  the  refractions  at  two 
glasses  instead  of  one,  and  of  increasing  the  tield  of  view.  It 
conaifits  of  two  planoconvex  lenses,  with  their  plane  mdes 
towards  the  eye,  and  placed  at  a  distance  apurt  equal  to  half 
the  muji  of  their  ftx^iil  lengthjs,  witli  a  stL»p  or  diaphragm 
lilaced  midway  between  the  "lenses,  Huyghens  was  not  awai^ 
of  the  value  of  his  eye-piec-e,  it  whb  reserved  for  Boscovich  to 
piiint  out  that  he  had  by  this  important  arrangement  acci-* 
dentally  corrected  a  great  part  of  the  chrt»matic  aberration.  Let 

fig,  \07  represent  the  Huy- 
ghenian  eye-pi et-e  of  a  nu- 
ero.sc^ope,  F  F  being  the  field- 
glass  and  E  E  the  eye-glass, 
and  L  SI  N  the  two  extreme 
mys  of  each  of  the  three 
pencils,  emanating  from  the 
centre  and  ends  of  the  object, 
of  which^  bnt  for  the  field- 
glvLi^y  li  si^ries  of  coloured 
images  wunld  be  formed  from 
R  K  to  B  B ;  tho6e  near  R  R 
being  red,  those  near  B  B 
blue,  and  the  intermecUate 
ones  green,  yellow,  and  so 
on,  eorre8iK>nding  with  the 
colours  of  the  prismatic 
spectrum.  ITiis  order  of 
colours,  it  will  be  observed, 
18  the  reverse  of  that  de- 
*^*       '  ecribed   in   treat *mg   of  tlie 

couunon  compound  microscope  (fig.  104),  in  which  the  single 
object-glass  projected  the  red  image  beyond  the  blue,  Tlie 
effect  just  described,  of  prty'ecting  the  blue  imsige  beyond  Uie 
red,  is  purposely  produced  for  reasons'  j^resently  to  be  given, 
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and  is  calJed  over-correcting  the  object-fjIasB  as  to  colour.  It 
18  to  be  observed  also,  that  tlie  images  B  B  and  R  R  are  curved 

in  the  wrong  direction,  to  be  distinctly  seen  by  a  convex  eye- 
lens,  and  tine  is  a  further  defect  of  the  compomid  microscope 
of  two  lenses.  But  the  field-glass,  at  the  same  time  that  it 
bends  the  rays  and  converges  them  to  foci  at  B'  B'  and  R'  R', 
also  reverseij  the  curvature  of  the  images  b&  there  shown,  and 
gives  tlieui  the  form  best  adH[)ted  for  distinct  vision  by  the 
eye-glass  E  E.  The  Held-glass  lias  at  the  same  time  brought 
the  blue  and  red  images  closer  togetherj  so  that  they  are 
adapted  to  pass  uucnloured  through  the  eye-glasa.  To  render 
this  important  point  more  intelligible,  let  it  be  supposed  that 
the  object-glass  hatl  not  been  over-corrected,  that  it  had 
been  perfectly  achromutic;  the  rays  woidd  then  have  become 
coloured  as  soon  as  they  had  passed  the  field-glass;  the  blue 
rays,  to  take  the  central  pencil  for  example,  would  converge 
at  b,  and  tlie  red  rays  at  r,  which  is  just  the  i^e verse  of  what 
the  eye-lens  requires;  for  as  itis  blue  focus  is  also  shorter  than 
its  red,  it  would  demand  rather  that  the  blue  image  should  be 
at  r,  and  the  red  at  b,  Tliis  effect  we  have  shown  to  be  pro- 
duced by  the  over-<^orrection  of  the  object-glass,  which  pro- 
trudes the  blue  foci  B  B  aa  much  beyond  the  red  foci  R  R  as 
the  sura  of  tlie  distances  between  the  red  and  blue  foci  of  the 
field-lens  and  eye-lens ;  so  that  the  separation  B  R  is  exactly 
taken  up  in  passing  through  those  two  lenses,  and  the  whole 
of  the  colours  coincide  as  to  focal  distance  as  soon  as  the  raya 
have  passed  the  eye-lens.  But  while  they  coincide  as  to  dis- 
tance, they  differ  in  another  respect ;  the  blue  images  are  ren- 
dered smaller  than  the  red  by  the  suix;rior  refractive  power  of 
the  field-glass  upon  the  blue  rays*  In  tracing  the  pencil  L 
for  instance^  it  will  be  noticed  that  af^er  passing  the  field- 
glass,  two  sets  of  lines  are  drawn,  one  whole,  and  one  dotted, 
the  former  representing  the  red,  and  the  latter  the  blue  rays* 
Tills  is  the  accidental  effect  in  the  Huyghcnian  eye-piece 
|K)inted  out  by  Boscovick  The  separation  into  colours  of 
the  field-glass  is  like  the  over-coTrection  of  the  object-glass; 
it  leads  to  a  subsequent  complete  correction.  For  if  the  dif- 
ferently coloured  rays  were   kept  together  till  they  reached 
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the  eye-glaaa,  they  would  then  become  coloured,  and  present 
coloored  images  to  the  eye ;  but,  fortunately,  and  most  beauti- 
fully^  the  separation  effected  by  the  field-glase  causes  the  blue 
rays  to  fall  so  much  nearer  the  centre  of  the  eye-gUss,  where, 
owing  to  the  spherical  figure,  the  refractive  power  is  leas  than 
at  the  margin,  that  the  spherical  error  of  the  eye-lens  consti- 
tutes a  nearly  perfect  balance  to  tlie  cliromatic  dispersion  of 
the  field-lens,  and  the  red  and  blue  rays  L'  and  L"  emeige 
sensibly  paraUel,  presenting^  in  consequence,  the  perfect  defi- 
nition of  a  single  point  to  the  eye.  The  same  reasoning  ia 
true  of  the  intermediate  colours  and  of  the  other  pencils." 

From  what  has  been  stated^  it  is  ob\dou8  that  we  mean,  by 
an  achromatic  object-glass,  one  in  wliich  the  usual  order  of 
dispersion  is  so  far  reversed,  that  the  hght,  after  undergoing 
the  singularly  beautifrd  series  of  changes  effected  by  tlie  eye- 
piece, shall  come  uncoloured  to  the  eye.  We  can  give  no 
epeciiic  rules  for  producing  these  resvdts.  Close  study  of  the 
formula;  for  achromatism,  given  by  the  celebrated  mathema- 
ticians we  have  quoted,  will  do  much,  but  the  principles  must 
be  brought  to  the  test  of  repeated  experiment.  Xor  will  tlie 
expermients  be  worth  anything,  unless  the  curves  be  most 
accurately  measured  and  worked,  and  the  lenses  centred  and 
adjusted  with  a  degree  of  precision  which,  to  those  who  are 
familiar  only  with  telescopes,  will  be  quite  unprecedented. 
When  object-glasses  of  high  power,  constructed  upon  the 
improved  plan  of  Mr.  Lister,  came  to  be  accurately  tested, 
Itlr.  Ross  found  out  that  if  they  exhibited  well  objects  that 
were  uncovered,  they  did  not  show  so  beautifully  those  that 
were  covered  with  thin  glass  or  mica,  with  or  without  being 
immersed  in  fluid.  He  speedily  found  a  remedy,  which,  in 
order  to  be  fully  understood,  must  be  described  in  his  own 
wonls,  taken  either  from  the  original  paper  in  the  Transac- 
ttQfut  of  the  Society  of  Arts,  or  from  the  article  "  Microscope,** 
in  the  Penny  Cyclopcedia,  which  has  been  already  so  often 
quoted. 

**  Mr.  Lister's  new  principles  were  apphed  and  exhibited 
by  Mr.  Hugh  Powell  and  Mr,  Andrew  Ross,  with  a  degree 
of  success  that  had  never  been  anticipated;  so  perfect,  indeed. 


MAGNIFYING  POWER!*, 


155 


were  the  corrections  given  to  the  achromatic  object-glase — 
80  conjpletely  were  the  errors  of  aphericlty  and  di8f>er8ion 
balan<*ed  or  destroyetl^ — ^that  the  eircuniBtance  of  covering  the 
object  with  a  plate  of  the  thinnest  glass  or  mica  disturbed  the 
con'ectiona,  if  they  hatl  been  adapted  to  an  uncovered  object, 
and  rendered  an  object^lase,  which  was  perfect  under  one 
cundition,  sensibly  defective  under  the  other.  This  defect, 
if  tliat  should  be  cidled  a  defect  wliieh  arose  out  of  improve- 
ment, was  first  discovered  by  Mr.  Robs,  who  imineiliately 
auggeeted  the  means  of  correcting  it,  and  presented  to  the 
Society  of  Arts,  in  1837,  a  paper  on  the  gnbject,  which  was 
published  in  the  fifty-first  volume  of  their  TranMJctionsy  and 
wliichj  as  it  is,  like  Mr.  Lister's,  essential  to  a  full  under- 
standing  of  the  idtimate  refinements  of  the  instnunent,  we 
shall  extract  nearly  in  full  :■ — 

'*  In  tlie  course  of  a  practical  investigation,''  says  Mr.  Ross, 
**  with  a  view  of  constructing  a  combination  of  lenses  for  the 
object-glass  of  a  compound  microscope,  which  should  be  free 
from  the  effects  of  aberration,  both  for  central  and  oblique 
pencils  of  great  angle,  I  combined  the  condition  of  tlie  greatest 
possible  distance  between  the  object  and  object-glass ;  for  in 
object^lasses  of  sliort  fcKml  length,  their  closeness  to  tlie 
object  has  been  an  obstacle  in  many  ceases  to  tlie  use  of  liigh 
magnifying  powers,  and  is  a  constant  source  of  inconve- 
nience. 

**  In  the  improved  combination,  the  diameter  is  only  siiiS- 
dent  to  admit  the  proper  pencil ;  the  convex  lenses  are 
wrought  to  an  edge,  and  the  concave  have  only  sufficient 
thickness  to  support  their  figure ;  consequently,  the  combina- 
tion is  the  thinnest  possible ;  and  it  follows  that  there  will  be 
the  greatest  distance  between  the  object  and  the  object-glass* 
The  focal  length  is  one-eighth  of  an  inch,  having  an  angular 
aperture  of  60^,  with  a  distance  of  one-twenty-fifth  of  an 
inch  and  a  magnifying  power  of  970  times  linear,  with  perfect 
definition  on  the  most  difficult  Podura  scales.  I  have  made 
object-glasses  of  one-sixteenth  of  an  inch  focal  length  ;  but  as 
the  angular  aperture  cannot  be  advantiigeously  increased,  if 
the  greatest  distance  between  the  object  and  the  object-glass 
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18  preaer^'ed,  their  use  will  be  very  limited*  The  quality  of 
the  definition  produced  by  an  achromatic  compound  micro- 
ecope  wiU  depend  upon  the  aecurac^y  with  which  the  aberra- 
tions, both  chromatic  and  spherical,  are  balanced,  together 
with  the  general  perfection  of  the  worknianBhip.  Now,  in 
Wollaj^ton'8  doublet**  and  Holland's  triplets,  tliere  are  no 
meana  of  producing  a  balance  of  the  aberrations,  as  tliey 
are  composed  of  convex  lenses  only ;  therefore  the  beet  that 
can  be  done,  is  to  make  the  aberrations  a  niiuinium;  the 
remaining  positive  abermtlou  in  these  forms  produces  its 
peculiar  effect  upon  objects  (particularly  the  detail  of  the  thin 
transparent  class)  which  may  lead  to  misappreheneion  of  their 
true  structure ;  but  with  the  achromatic  object-glase,  where 
the  aberrations  are  correctly  balanced,  the  most  minute  parU 
of  an  object  are  accurately  displayed,  so  that  a  satisfactory 
judgment  of  their  character  may  be  formed.  It  will  be  seen 
by  fig,  108,  that  when  a  certain  angular  pencil  A  O  A'  proceeds 
from  the  object  O,  and  is  incident  on  tlie  plane  side  of  the 
first  lens,  il'  the  combination  is  removed  from  the  object,  aa  iu 
fig.  109,  the  extreme  rays  of  tJie  pencil  impinge  on  the  more 


Fig.  lOS.  Fig.  109. 

mat^nal  parts  of  the  glass,  and  as  the  refractions  are  greater 
here,  the  aberrationB  will  be  greater  also.  Now,  it*  two 
compound  object-glasses  have  their  aberrations  balanced^ 
one  being  situated  as  in  fig,  108,  and  the  other  as  in  fig.  109, 
and  the  same  disturbing  power  applied  to  both,  that  in  which 
the  angles  of  incidence  and  the  aberrations  are  sniidl  will  nut 
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be  flO  much  disturbed   as  where  the  angles  are  great,  and 
where,  eon&equently,  the  aberrations  increase  rapidly. 

*'  'Wlien  an  object-glass  has  its  aberrations  balanced  for 
viewing  an  opaque  object,  and  it  is  required  to  examine  that 
object  by  transmitted  light,  the  correction  will  remain ;  but 
if  it  18  necessary  to  inmierse  the  object  in  a  fluid,  or  to  cover  it 
with  glass  or  mica,  an  aberration  will  arise  from  these  eircum- 
stances  which  wiU  disturb  the  previous  correction,  and,  con- 
sequently, deteriorate  the  definition:  and  this  effect  will  be 
more  obvious  with  the  increase  of  the  distaiice  between  the 
object  and  the  object-^lass.  Tlie  aberration  produced  with 
diverging  rays  by  a  piece  of  flat  and  parallel  glass,  such  as 
would  be  used  for  covering  an  object,  is  represented  at  fig.  1 10, 


F:g,  1 10. 

ere  G  G  G  G  is  the  refracting  medium,  or  a  piece  of  glass 
covering  the  object  O  and  O  P,  the  axis  of  the  pencil,  perpen- 
dicular to  the  flat  surfaces ;  O  T  a  ray  near  the  axis ;  and 
O  T'  the  extreme  ray  of  the  pencil  incident  on  the  imder 
surface  of  the  glass :  then  T  B  T  R'  will  be  the  directions  of 
the  rays  in  the  medium,  and  R  E  K  E'  those  of  the  emergent 
rays.  Now,  if  the  course  of  these  rays  is  continued  as  by  the 
dotted  lines,  they  will  be  found  to  intersect  the  axis  at  dif- 
ferent distances  X  and  Y  from  the  surface  of  the  glass ;  and 
the  distance  X  Y  is  the  aberration  prmluced  by  the  medium 
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which,  as  before  stated,  interferes  with  the  previously  balanoed 
aberrations  of  the  several  lenses  composing  the  object-glaas. 
There  are  many  cases  of  this,  but  the  one  here  selected  serves 
best  to  illustrate  the  principle.      If  an  object-glass  is  oon- 
etructed  as  represented  by  fig,  109,  where  the  posterior  combi- 
nation P  and  the  middle    M   have   togetlier   an  excess  of 
negative  aberration ;  and  if  this  be  corrected  by  the  anterior 
combination  A,  having  an  excess  of  positive  aberration,  then 
this  latter  combination  can  be  made  to  act  more  or  less  power- 
fully upon  P  and  M,  by  making  it  approach  to  or  recede 
from   them ;   for  when  the  three  are  in  dose  contact,  the 
distance  of  the  object  from  the  object-glass  is  greatest ;  and, 
consequently,  the  ray«  from  the  object  are  diverging  from  a 
point  at  a  greater  distance  than  when  the  combiuations  are 
separated,  and  as  a  lens  bends  the  raya  more,   or  acts  with 
greater  effect,  the  more  distant  the  object  is  from  wliich  the 
rays  diverge,  the  effect  of  the  imterior  combination  A  upon 
the  other  two,  P  and  M,  will  vary  with  it5  distance  from 
thence,      Wlien,  therefore,   the  correction  of  the  whole  is 
effected  for  an  opaque  object,  with  a  certain  distance  between 
the  anterior  and  middle  combiiuition,  if  they  are  then  put  in 
contact,  the  distance  between  the  object  and  the  object-glass 
wiU  be  increased ;  consequently  the  anterior  combination  will 
act  more  powei-fully,  and  the  whole  will  have  an  exce^  of 
positive  aberration.     Now,  the  effect  of  the  aberration  pro- 
duced by  a  piece  of  tiat  and  paraUel  glass  being  of  the  nega- 
tive  character,  it  is  obvious  that  the  above  considerations 
suggest  the  means  of  correction  by  moving  the  lenses  nearer 
together,  till  the  positive  aberration  thereby  produced  balances 
the  negative  aberration  caused   by  the  medium.     The  pre- 
ceding refers  only  to  the  spherical  abermtion,  but  the  effect 
of  the  chromatic  is  also  seen  when  an  object  is  covered  with  a 
piece  of  glass;  for  in  the  course  of  my  experiments,  I  observed 
that  it  produced  a  chromatic  thickening  of  the  outline  of  the 
Podura  and  other  delicate  scales ;  and  if  diverging  rays  near 
the  axis  and  at  the  margin  are  projected  through  a  piece  of 
flat  parallel  glass,  with  the  various  indices  of  refraction  for 
the  different  colours,  it  will  be  seen  that  ei^cti  my  will  emerge 
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separated  into  a  beam  consisting  of  the  component  colours  of 
the  ray,  and  that  each  beam  is  widely  different  in  foniL  This 
difference  being  magnified  by  the  power  of  the  microscope, 
readily  accounts  for  the  chromutic  thickening  of  the  outhne 
just  mentioned.  Therefore,  to  obtain  tlie  finest  (k-finition 
of  extremely  delicate  and  minute  objects,  they  should  be 
viewed  without  a  covering;  if  it  be  desirable  to  immerse  them 
in  fiuid^  they  should  be  covered  witli  the  tliinnest  pofsilJe 
film  of  mica  or  glass,  as  from  the  chai-actcr  of  the  cbioiiiiitic 
aberration,  it  will  be  seen  that  varying  the  distances  of  the 
combinations  will  not  sensibly  affect  the  correction ;  though 
object-lenses  may  be  made  to  include  a  given  fluid  or  solid 
medium  in  their  correction  for  colour. 

The  mechanism  for  applying  tliese  principles  to  the  correc- 
tion of  an  object-glass  under  the  various  circumstances^  has 
been  ah'eady  described  at  l>age  42,  where  also  was  shown,  by 
fig*  22,  a  vertical  section  of  sin  achromatic  object-glass,  of  one- 
eighth  of  an  inch  focus,  tlie  mode  of  making  the  adjustments 
will  be  fully  described  in  the  chapter  devoted  to  test  objects. 

*"■  It  is  hardly  necessary  to  observe,"  says  Mr.  Koss»  "  that 
the  necessity  for  tliis  correction  is  wholly  indepenJent  of  any 
particular  constniction  of  tJxe  object-glass;  as  in  aE  cases 
where  the  object-glass  is  corrected  for  an  object  uncovered, 
any  covering  of  glass  will  create  a  different  value  of  aberration 
to  the  first  lens  which  previously  balanced  the  aberration 
resulting  from  the  rest  of  tlie  lenses ;  and  as  this  disturbance 
is  effected  at  the  first  refraction,  it  is  independent  of  the  other 
part  of  the  combination.  The  \isibility  of  the  effect  depends 
on  the  distance  of  the  object  from  the  object-glaas,  tlie  angle 
of  the  pencil  transmitted,  the  focal  length  of  the  combination, 
the  thickneas  of  the  glass  covering  the  ol)ject,  and  the  geneml 
periection  of  the  corrections  for  chromatism  and  the  oblique 
pencils- 

The  object-glasses  that  are  sujiplied  witli  the  adjustment, 
for  tliickneaa  of  glass,  are  the  highest  j>owers,  viz.,  tlie  one- 
sixteenth  of  an  inch  in  focal  length,  the  one-eightb,  the  one- 
fourth,  and,  in  some  cases,  the  one-half;  in  all  the  powers 
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lower  than  the^,  the  adjustment  is  not  required,  as  the  thick- 
ness of  the  glass  cover  does  not  materially  interfere  with  their 
definition. 

The  eye-pieces  supplied  with  the  compound  microecopei  ^ 
are  of  the  Huyghenian  principle  before  described,  and  are 
generally  three   in  number;  they  may  be  desit^^nated  by  the 
letters  A,  B,  and  C,  the  first  being  the  lowest  in  power,  the 
last  the  highest*      Those  of  Messrs.  Powell  and  Smith  are  soi 
constroeti'd,  that  with  the  one-Inch  object-glass  the  magni- 
lying  power  with  A  will  be  about  30,  with  B  60,  and  C  UK), 
or  in  the  proportion  of  1,  2,  3;  but  Mr,  Rom  curies  the  power 
of  the  second  or  B,  jind  his  proportion  is  about  Ll^  and  2Ji 
The  lowest,  or  that  mm^ked  A,  is  the  one  more  commonly 
employed,  the  othci-s,  especially  C,  is  not  so  frequently  used, 
in  consequence  of  the  loss  of  light,  and,  in  some  caaes,  of  defi- 
nition as  weO ;  but  all  are  extremely  necessary  when  we  wish 
to  gain   an   increase  in  the  magnifying  power  without  the 
employment  of  a  higher  object-glass.      Two  other  foi*ms  of 
eye-piece  are  sometimes  employed ;  one  of  these  was  invented 
by  Ramsden ;  it  consists  of  two  plano<2onvex  lenses  with  the 
field-lens  reversed ;  that  is,  in  the  Huyghenian  form  both  the 
lenee^  are  placed  with  their  flat  surfaces  towards  the  eye,  but 
in  this,  by  Ramsden,  the  convex  surface  of  the  field-lens  only 
occupies  that  position;  this  arrangement  involves  no  correction 
for  colour  or  spherical  aberration,  in  all  other  resjiects  it  is 
superior  to  the  Huyghenian.      It  is  ust^l  always  as  a  micro- 
meter.    If  a  divided  glass  scale  or  fine  wires  be  placed  exactly 
where  the  image  foniied  by  the  object-glass  le  situnted,  the 
scale  and  the  image  will  be  magnified  together,  and  every 
part  of  tlie  image  will  be,  as  it  were,  brought  in  contact  with 
a  Bcale,  the  value  of  each  of  the   divisions  of  which  can  l>e 
accurately  ascertained,  even  to  the  one-twenty-thousandth  of 
an  inck     Tlie  image  formed  by  this  eye-piece  la  not  reversed 
as  in  the  Huyghenian  form,  lience  it  has  received  the  name  of 
a  positive  eye-piece,  in  contradistinction  to  that  of  Huyghens, 
which  is  termed  a  negative  one  ;  but  however  accurately  such 
an  eye-piece  be  made,  its  defining  power  is  not  so  good  as  that 
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of  Ilnyglicn^,  but  Mr.  Koss  stiites,  thiit  it'  ihv  glaaee^  were 
tiifwle  up  of  two  achromatic  conibinatioofi,  tliis  eye-pit'ce  woultl 
lie  by  fur  the  most  pertectofalK  Ix^th  for  telescopes  and  mkTO- 
seopcs.  Some  persons  empluy  either  two  plu no-convex  or 
double  convex  lenses  as  a  substitute  for  the  single  lens  of  the 
eye-glass,  in  order  tliat  the  field  of  view  may  be  greatly 
increased  without  any  great  regard  to  the  correctness  of  the 
details.  For  this  puqiose,  Dr.  Caqjenter  states,* — "  That  lie 
biu^  been  in  the  habit  of  using  an  eye-piece  consisting  of  a 
menis^cus,  having  the  concave  side  next  the  eye,  and  a  convex 
lens,  having  the  form  of  least  abernition  with  its  flattest  side 
next  the  object;  this  form  nearly  resemliles  HerschelFs  apla- 
natie  doublet.  The  field-glass  also  is  a  double  convex  lens 
of  the  tbrn»  of  lca.st  abeiT;ition.  With  this  eye-piece  he  VfiiA 
enabled  to  olitain  a  field  of  fourteen  inches  in  diameter 
(measured  at  the  usual  distance — ^ten  inches ),  equally  distinct 
and  well  illuminated  over  every  part,  and  admirably  adaptetl 
for  the  display  of  sections  of  wood,  wings  of  insects,  and 
objects  of  a  similar  description,  anrl  idso  for  opaque  objects. 
When  employing  it  for  tlicse  purposes,  he  prefers  using  a 
single  lens  as  an  object-glass  instead  of  an  achromatic  one,  as 
the  latter  are  adjusted  for  a  much  smaller  field  i>f  view,  and 
[iroducc  an  image  which  is  distinct  only  in  the  centre. 

The  power  of  the  microscope  may  be  greatly  increased,  not 
only  by  using  difTerent  eye-pieces  and  object-glasses,  but  also 
by  increasing  the  distance  between  them  by  tbe  draw-tid)e, 
described  in  page  69.  For  instance,  suppose  that  the  one 
inch  object-glass  and  the  lowest  eye-piece  are  employed,  and 
that  without  the  th-aw-tube  the  magnilying  power  was  thirty- 
five,  and  w^ith  the  second  eye-piece  forty-five,  and  with  the 
third  eighty-five,  by  the  draw^-tubc  these  powers  may  not 
only  be  made  even  numbers,  as  forty,  fifty,  and  ninety,  but  all 
intermediate  numbers,  if  required,  may  be  obtained  without 
changing  either  the  eye-piece  or  the  object-glass.  Besides 
this,  it  is  often  required  to  make  a  particidar  object  fill  the 
whole  or  nearly  the  whole  of  the  field  of  view,  tliis  is  readily 


•  Art.  **  Microscope,"  Cydopeedia  of  Anatomy  tttid  Physiology,  p.  342- 
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done  by  employing  the  eye-piece  and  object-glass  that  most 
nearly  effect  it,  and  then  to  accomplish  the  remainder  by 
drawing  out  the  tube.  In  the  use  of  the  micrometer  eye- 
piece, the  draw-tube  will  also  be  found  of  essential  service  t6 
make  the  divisions  come  out  whole  numbers,  a  point  that  will 
again  be  more  particularly  dwelt  on. 
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PRELIMlNAfiY    DIRECTIONS, 


All  the  most  complete  forms,  both  of  simple  iiiid  coiiipoiiiid 
microscopes,  constructed  hy  our  principal  makers,  tof^ether 
with  the  optical  and  other  apparatus  supplied  with  them, 
having  now  been  fully  described  in  the  fii-st  part  of  the  work, 
it  beeomcH  necessary  to  enter  in  detail  into  the  ditterent  modes 
of  using  the  Bame.  And  as  the  compound  instrument  is  of 
more  general  injportonce  and  more  tliflicult  to  use  thau  tho 
flimplo  form,  it  umst  first  claim  our  attention.  But  for  the 
l>etter  understanding  of  the  different  steps  in  the  proceeding, 
it  has  been  deemed  advisable  to  describe  them  under  eepamte 
heads. 

Position. — If  day-light  is  to  be  employed  aa  tlic  illuminating 
agent,  tlie  npot  i^elected  for  phinting  the  microj^coim  on  fihould 
be  in  all  cases  a  ^vm.  steady  table,  near  a  window  that  is  not 
at  the  time  exposed  to  the  direct  rays  of  the  sun,  a  white 
cloud  immediately  opposite  to  the  swn  is  the  point  from  which 
the  moat  intense  light  in  given  off,  and  a  dark  cloud  or  blue 
»ky  in  the  game  situation  is  that  from  which  the  fewest  niys 
proceed.  If  the  iustnunent  is  to  be  used  at  night,  it  matters 
not  where  the  tal>le  is  placed,  Imt  the  choice  of  an  lUuminntor 
then  becomes  necessaiy.  This  most  commonly  is  an  Argaad 
oil  lamp,  but  a  wax  light  or  that  of  gas  or  camphine  may 
supply  its  place.  The  microscope  having  the  mirror  and  the 
rest  of  tlic  optical  part  free  from  dus*t,  being  placed  upon  the 
table,  and  an  eye-piece  having  been  slid  into  one  end  of  the 
compound  hiMly,  and  nn  objcct-glu^s  screwed  into  the  other, 
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must  now  have  the  compound  body  inclmed  to  such  an  angle 
BB  will  bring  the  top  of  the  eye-piece  oppodte  the  eye  of  the 
observer  when  dtting  in  the  mo6t  easy  posture.  The  next 
6tep  h  the  adjustment  of  the  light 

Adjustment  of  the  Li^kL — If  it  be  required  to  examine  a 
transparent  object  by  day,  the  light  must  be  taken  from  a 
window  aa  free  from  bars  as  possible ;  but  if  at  night,  then 
one  of  the  illuminators,  previously  described,  must  be  brought 
within  a  moderate  distance  of  the  mirror,  this  last  is  to 
be  turned  about  in  any  direction,  until  tlie  light  reflected 
from  its  surface  be  seen  to  pass  thi^ough  the  hole  in  the  stage^ 
and  to  fall  in  the  direction  of  the  axis  of  the  instrument  upon 
the  end  of  the  object-glass ;  then,  by  applying  the  eye  to  the 
eye-piece,  and  moving  the  mirror  very  slightly  one  way  or 
the  other,  the  maximimi  of  light  will  be  obtained ;  but  if  the 
object  to  be  examined  be  opaque>  and  if  tlic  Licberkuhn,  fig. 
66,  is  to  be  employed,  the  lamp  may  be  placed  in  the  same 
position  as  for  a  transparent  object,  but  if  required  to  be  illu- 
minated by  either  of  the  condensing  lenses  represented  at 
page  106,  then  tlie  lamp  must  be  brought  neai*er  to  the  ob- 
server, and  the  light  thrown  upon  the  object  by  placing  the 
condenser  between  it  and  the  lamp,  in  tlie  manner  presently 
to  be  shown  by  diagrams.  As  a  general  rule,  it  is  best  to  use 
the  low  powers  first,  as  a  good  light  and  greater  clearness  of 
definition,  together  witli  a  large  and  flat  field  of  view,  will  be 
obtained;  the  higher  i>owei*s  may  be  employed  when  the 
observer  has  a  good  general  idea  of  the  arrangement  of  the 
several  porta. 

Transparent  Directs, — These,  previous  to  being  examined, 
are  to  be  placed  cither  with  or  without  water  upon  a  slip  of 
glass,  and  covered  with  a  piece  of  tliin  glass  or  mica,  or,  U'  re- 
quired^ eitlier  of  the  animalcule  cages  or  compressors,  described 
at  pege  116,  may  be  employed  for  the  same  purpose.  Between 
which  ever  of  these  pieces  of  apparatus  the  object  is  con- 
tained, the  next  proceeding  is  to  place  it  upon  the  object-plate 
of  the  stage,  and  having  so  adjusted  the  latter,  either  by 
sliding  it  up  or  down,  or  by  acting  on  it  by  the  stage  move- 
ments, that  the  object,  if  visible  to  the   naked  eye,  may  be 
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brought  as  near  to  the  axis  of  the  object-glass  as  possible. 

We  now  come  to  the  adjustment  of  the  focus. 

Adjustment  of  the  Focus, — If  the  focal  distance  of  the  object* 
glaea  be  known*  then,  without  looking  through  the  compound 
body,  it  may  be  brought  down  aa  near  to  the  focus  as  possible, 
by  turning  the  large  milled  head  of  the  coarse  adjustment^  and 
the  eye  being  applied  to  the  eye-piece,  the  proper  focus  may 
be  obtained,  by  carefully  noticing  when  either  the  object  or 
some  of  tlie  extraneous  butlies  generally  found  either  upon  the 
glaae  or  in  the  Huid  come  into  view*  If  the  power  employed 
be  a  high  one,  it  is  always  best  to  bring  the  object-glass  as  near 
as  possible  to  tlie  focus  with  the  coarse  adjustment,  and  to  use 
the  fine  afterwards  when  the  eye  is  applied  to  the  eye-piece. 
If  the  object  be  not  in  tlie  field  of  view,  then  tlie  glass  or 
other  apparatus  on  which  the  object  h  placed  is  to  be  moved 
about  by  tlie  stage  adjustments  until  it  appears  there,  or,  in 
tlie  absence  of  stage  movements,  the  fingers  tliemselves  must 
be  employed.  l^Tien  the  object  is  of  auy  thickness,  it  w^ill  be 
readily  found  that  by  the  use  of  the  fine  adjustment,  any  j>art, 
whether  of  the  upper  or  of  the  under  sm*facc,  may  be  brought 
into  focus ;  and  if  it  should  be  transfwirent  and  cylindrical,  like 
some  of  the  vascidar  tissues  of  plants,  the  markings  on  tlie 
vessels  may  be  traced  all  round  the  cylinder,  and  if  the  milled 
head  of  the  adjustment  be  graduated,  as  in  tlie  instruments  of 
Messrs.  Smith  and  Beck,  then  one  revolution  of  the  milled 
head  will  eitlier  niise  or  depress  the  object-glass  about  the 
xf  ^  of  an  inch,  and  if  the  divisions  amount  to  ten,  then  the 
value  of  one  di\i8ion  will  be  the  j^V*?  ^^  **^  inch,  so  that  the 
thickness  of  any  object  of  this  minute  size  can  be  very  well 
ascertained ;  a  plan  of  measuring  that  was  first  adopted  by 
Mr.  Valentine  in  the  microscope,  described  at  page  61.  By 
this  contrivance,  also,  certain  pits  or  depressions  in  any  object 
can  be  accurately  measured,  by  bringing  firat  the  upper  or 
plane  surface  into  focus,  and  then  noting  how  many  revolu- 
tions or  parts  of  a  revolution  arc  gone  througli  before  the 
bottom  suiiace  is  also  correctly  defined ;  the  graduation  of  the 
milled  Iiead  wdll  also  be  found  of  great  service  for  properly 
iiiljusting  the  front  lens  of  the  higher  iK>wcr  oliject-glasscs,  as 
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the  thickness  of  the  tliin  glares  cover  can  be  accuiutelj  mea- 
sured, and  the  object-glass  corrected  by  certain  roles  presently 
to  be  laid  down.  When  any  object  has  been  under  examina- 
tion, and  it  has  become  necessary  either  to  remove  it  from  the 
fltage  for  some  alteration^  or  to  substitute  another  in  its  stead, 
it  will  be  found  by  far  the  best  plan,  if  the  object-glass  be  of 
short  focus,  to  turn  it  back  from  the  object  before  removing 
it,  by  this  means  all  contact  between  it  and  the  object  will 
Ije  necessarily  prevented ;  as  often,  cither  by  the  remu>"ing  of 
the  object  or  the  substitution  of  another,  when  the  object- 
glass  is  of  short  focus,  all  risk  of  injury  wiU  be  avoided. 
After  a  few  trials  the  custom  of  turning  back  the  object-glaas 
by  the  coturse  adjustment  will  become  habitual. 

Various  re--agents,  such  as  the  acids  or  alkalies,  may  be 
applied  to  objects  when  they  are  being  viewed,  hy  touch- 
iug  the  eilges  of  the  glass  cover  with  a  small  glass  i\>d  or  tube 
that  has  been  dipped  into  the  required  fluid,  A  small  quan-^ 
Uty  will  gradually  insinuate  itself  between  the  glasses,  and  its 
effects  can  be  easily  watched-  TiYlien  a  large  quantity  of  a 
corrosive  tiuid  is  required,  or  i£  the  object  in  fluid  be  not 
finiJy  secured  between  the  two  glasses,  it  is  advisable  to 
place  tlie  microscope  upright,  as  then  aU  danger  of  losing  tlic 
object,  or  of  having  the  fluid  escape  about  the  stage,  will  be  in  a 
great  measure  avoided.  The  glasses  between  which  objects  are 
placed  shoidd  be  perfectly  fi-ce  from  grease,  iJ'  not  so,  when  the 
water  or  other  fluid  is  added,  it  will  not  run  equiJly  between 
the  glasses,  and  large  air  bubbles  will  be  formed,  all  of 
which  should  be  got  rid  of,  especially  if  they  are  in  the  neigh- 
Ijoiirhood  of  the  object,  as  they  act  Uke  so  many  lenses,  and 
occafflon  a  disturbance  in  tlie  mys  of  Ught  that  are  passuig 
oiUier  through  or  about  them. 

Small  living  insects  may  be  viewed  in  the  live  bc»x  or  the 
aaimalcule  cages  by  transmitted  light,  and  those  that  are 
hii^e,  ftuch  m  flies,  nviy  even  be  held  in  the  forceps,  and  the 
circulation  in  their  legs  readily  seen,  no  glass  being  placed 
beneath  them. 

WTicii  the  highest  powers  arc  required,  the  light  of  the  day 
or  of  ft  Iniup  lusiy  be  greatly  increased  by  the  use  of  the  achro- 
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luiitic  condenser,  described  at  page  100,  especially  if  the  light 
be  first  thro\v^n  on  the  mirror  by  the  bidl*s-eye  condensing 
lenij,  foil  directions  for  the  use  of  which  will  be  given  in  the 

following  chapter. 

Opaque  Objects, — ^Thefte  are  illuminated  either  by  the  bull'a- 
ejc  condeosing  lens,  the  Lieberkuhnj  or  the  Bide  reflector,  and 
the  object-glasses  employed  cannot  exceed  the  one-fourtli  of 
an  inch,  as  no  higher  magnifier  is  provided  with  a  Lieberkuhn, 
and  the  light  from  the  condensing  lens  or  aide  reflector  cannot 
be  tlirown  upon  any  opa<^[ue  object  that  has  the  object-glass 
nearly  approacliing  it.  Opiique  objects  are  generally  mounted, 
either  on  slips  of  glass  or  on  discs  of  c^irtl  or  other  material, 
having  a  pin  passed  through  them ;  these  require  to  be  held 
in  t)ie  forceps,  described  at  page  113,  and  if  the  Lieberkulm  be 
employed,  the  diaphragm  plate  under  the  stage  must  be 
removed,  iind  the  hght  thrown  upon  the  Lieberkulm  by  the 
jconcave  mirror  in  the  same  manner  as  was  described  for  a 
transparent  object,  the  lamp  or  other  iiluniinating  agent  being 
placed  either  in  front  or  on  one  side  of  the  mirror.  If  the 
microscope  lie  inclined,  and  it  be  required  to  illiiininate  an 
opaque  object  by  the  condensing  lens,  the  lamp  must  then  be 
brought  near  to  the  eye  of  the  observer,  and  the  condenser 
placed  between  it  and  the  object;  the  distance  between 
the  lamp  and  tlie  condenser  being  in  all  cases  greater  than 
that  between  the  condenser  and  the  object,  otherwise  the 
rays  of  hght  will  not  be  niatle  to  converge  upon  the  object* 
If  the  diac  or  glass  on  wliich  the  object  is  mounted,  or  even 
if  tlie  object  itself  be  not  large  enough  to  cut  off  the  light 
from  entering  the  object-glass,  tlien  a  dark  stop  or  well, 
represented  by  fig,  ^'^y  must  be  employed  to  form  a  back 
ground  to  it.  The  method  of  using  the  stops  and  all  the 
other  ilhmiinating  apparatus  must  now  be  more  fully  entered 
into,  but  it  will  be  nccessaiy  for  those  wlio  are  about  to  use 
the  microscope  for  the  fii-st  time,  to  pay  i>articular  attention 
to  the  directions  just  now  given,  as  their  future  progress  in 
mauipidation  will  be  nmch  taicilitatcd  by  so  doing. 
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CHAPTER  IL 


ON  THE  ILLUMINATION  OF  OBJECTS- 


All  the  objecta  required  to  be  examined  by  the  microscope 
belong  to  one  of  two  claases,  either  the  transparent  or  the 
opaque*  The  methotls  of  iUimiination  differ  for  each  class,  in 
the  former  the  light  is  generally  reflected  oi>on  them  by  means 
of  a  plane  or  convex  mirror,  whilst  in  the  latter  it  is  either 
condensed  upon  tliem  by  a  lens  or  else  by  some  modification 
of  the  silvered  cup,  termed,  from  its  inventor,  the  Lieberknhn. 
As  the  perfect  illmnination  of  objects  is  of  tlie  utmost  import- 
ance,  nay,  almost  as  essential  as  a  good  glass  to  examine  them 
with,  it  will  be  necessary  to  enter  somewhat  in  detail  into  the 
various  plans  that  must  be  adopted,  in  order  that  all  the  true 
characters  present,  in  any  given  subject  under  investigation^ 
may  be  brought  out  and  rendered  perfectly  distinct  In  order 
to  effect  this,  it  is  requisite  that  it  be  viewed  alternately  under 
every  description  of  light,  whether  strong  or  faint,  oblique  or 
direct ;  or  whether  the  light  be  reflected  through  it  from  a 
mirror,  as  in  the  case  of  a  transparent  object,  or  be  condensed 
upon  it  by  a  lens  as  for  an  opaque ;  in  short,  every  new  sub- 
ject should  be  viewed  under  all  the  vai*ious  conditions  which 
will  subsequently  be  enumerated. 

Traiisjmrent  Objects. — Where  a  great  amount  of  light  is 
required,  the  plan  generally  adopted  is  to  use  the  concave 
mirror,  which  should  be  so  contrived  as  to  elide  up  and  down 
upon  a  stem,  so  that  it  may  be  brought  close  to  the  stage  or  be 
did  away  from  it,  and  by  means  of  a  universal  joint  be  made 
capable  of  iK-ing  tamed  in  every  direction ;  when  rays  of 
light  from  a  lamp  or  candle  fall  upon  a  concave  mirror,  they 
are  rendered  convergent,  and  the  distance  of  the  miiTor  ivonx 
the  stJigc  should,  therefore,  be  so  regulated  that,  if  required, 
the  whole  of  the  light  reflected  from  the  mirror  may  be 
brought  to  a  focus  upon  the  object,  or  if  a  weaker  light  be 
ncccBsary,  tlicn  by  gliding  the  mirror  either  nearer  the  stage 
or  fartlicr  away  from  it,  the  desired  light  will  be  obtained.     In 


both  these  ca^e  there  will  be  a  larger  field  of  view  illumi- 

natcdj  but  with  a  great  diminution  of  its  brightnesB,  hence  the 
UBO  of  the  mirror  being  made  to  shde.  For  all  objects  of 
large  size,  such  as  sections  of  wood,  mosi*csj  the  wings  of 
insecta,  &c.,  where  low  powers  only  are  required,  the  illumi- 
nation may  be  effected  by  the  concave  mirror,  whicht  for  tlie 
purpoee,  should  not  be  Ices  than  two  inches  in  diameter. 
Nothing  is  more  simple  than  to  illuminate  a  large  object,  but 
it  will  be  found,  when  high  powers  are  used,  tliat  considerable 
difficidtiea  will  prevail,  and  it  is  important  that  all  the  light 
i>ossible  shoidd  be  made  available  for  the  purpose^  it  becomes 
necessary  therefore  to  have  recourse  to  the  other  optical  con- 
trivances presently  to  be  described. 

To  cut  off  all  superfluous  light,  an  apparatus  termed  the 
diaplu-agm,  described  at  page  99,  fig  49,  is  generally  fitted  to 
the  under  side  of  the  stage ;  It  is  supplied  with  a  moveable 
plate^  in  which  there  are  three  or  more  holes  of  dift'crcnt 
sizes,  each  of  these  in  succession  may  be  brought  between 
the  mirror  and  the  object,  and  it  will  be  found  advisable 
to  try  by  which  of  tlic  apertures  the  best  definition  is 
effected. 

Some  persons  recommend  the  interposition  of  a  plate  of 
groimd-glass  between  the  mirror  and  the  object,  to  diifiisc  the 
light  equally  over  the  field,  and  to  destroy  all  the  glare  occ4i- 
sioned  by  the  reflection  of  a  large  body  of  Hght,  but  this  is 
only  applicable  to  objects  of  large  size,  where  low  powers  are 
used.  When  applied  to  the  higher  powers,  and  to  objects 
which  require  to  be  well  defiuefl,  the  field  of  view  is  then 
rendered  so  misty,  that  aU  shaqmess  of  outhne  is  destroyed* 
In  this  case  a  very  grexit  improvement  is  eftectcd  if  the  ground 
surfiice  of  the  glass  be  made  greasy,  which  aUows  more  light 
to  be  transmitted.  Another  way  of  softening  the  glare  is  to 
8up{)ly  the  place  of  tlie  ground-glass  with  glass  of  a  neutral 
or  blue  colour,  this  is  rccora mended  to  destroy  the  reddish- 
yellow  colour  given  off  from  all  luminous  bodies,  and  to  make  the 
artificial  light  as  pleasant  to  use  as  tliat  of  the  natural  or  day- 
light ;  but  none  of  these  appliances  should  be  used  with  higli 
lX)wcrs,  or  where  acciurate  definition  is  uccc8sai*y,  as  in  the 
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case  of  test  objeets.  It  will  be  found  uaeftil  to  have  a  piece 
of  neutral  tint  glaas  fastened  into  the  diaphragm-plate,  as 
described  at  jiage  1(M\  Tliat  it  may  be  always  at  hand  when 
required. 

The  plane  mirror,  with  some  foiin  of  condenmng  apparatus, 
is  required  with  all  jwwers  above  that  of  a  hundred  linear, 
when  it  is  wished  to  examine  very  delicate  objects  by  arti- 
ficial hght;  for  this  purpose  the  form  of  condenser  first 
recommended  by  Dr-  Wollaston  for  his  doublet  microscopes, 
and  dcscnbcd  in  puget?  3U  and  100,  will  be  found  very  atl- 
vantagoous ;  it  consists  of  a  tube,  in  which  a  plano-<M:>nvejt 
lens,  of  three-quarters  of  an  inch  focus,  is  made  to  slide  up 
and  down  within  certiun  limits.  Tliis  tube  is  fitted  to  the 
under  part  of  tlie  stage,  and  at  its  lower  end  is  provided  with 
a  plate  of  metal,  perlorated  wdlh  a  hole  of  a  requisite  size, 
tenned  a  stop ;  the  rays  of  light  reflected  from  the  mirror,  it* 
tiiken  from  u  white  cloud,  being  pai^alk-l,  will  be  thiown  upon 
the  lens  as  sucli,  and  by  it  be  brought  into  a  focus  upon  the 
object;  this  is  cflected  by  shding  the  lens  either  up  or  down. 
Most  objects  are  best  seen  when  the  imiige  of  tlie  aperture 
or  stop  is  also  best  seen,  AVlien  artificial  light  from  a  lamp 
or  candle  is  employed,  the  rays  whieh  fall  on  the  mirror  may 
be  rendered  paridlel  by  placing  the  bull^s-eye  or  condenser 
in  front  of  the  flame  witli  its  flat  surface  nearest  to  it,  tlie 
lamp  itself  being  placed  at  least  a  foot  distant  from  the 
mirror. 

Dr.  Goring  effected  an  improvement  on  Dr.  WoUaston's 
condenser,  by  putting  the  stop  above  the  lens,  so  that  it 
might  be  near  to  the  object ;  by  these  means  the  rays  of  light 
are  brought  to  a  focus  on  the  object,  and  all  the  superfluous 
ones  are  cut  ofl*  by  the  stop,  but  il'  the  original  tube  be  pre- 
served, the  8toi>  above  the  mirror  may  still  be  used,  the  one 
irmncdiately  above  the  lens  being  in  no  way  interfered  with 
by  it.  Mr.  Varley  lias  recommended*  a  very  excellent  plan 
for  imitating  lutificially  the  light  reflected  from  a  wliite  cloud 
oppoiite  the  sun  ;  this  Is  by  eovering  the  surface  of  the  mirror 
under  the  stjige  witli  carbonate  of  soda  or  any  other  white 
•  Vol  xlix,^  page  353,  dJ'  Tmmactwnt  of  tht*  Sodeijf  of  Artf* 
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niateriaU  On  tlif  E?urtace  of  this  the  light  of  the  sun  m  to  l>e 
concentrated  by  means  of  a  large  condensing  lens.  The  light 
80  reflected  is  very  intense,  and  fimiis  an  excellent  siib&titute 
for  the  white  cloud,  which,  as  Mr.  Ross  states,*  whc*n  oppo- 
site the  sun,  and  of  eoneidemhle  size,  is  the  beet  day-light,  as 
the  pnre  bine  Bky,  in  the  siime  situation,  is  the  worst. 

Sir  David  Brewster,  to  whom  we  are  indebted  for  so  many 
valuable  suggestions  antl  discoveries  in  optical  science,  statesf 
that,  for  peH'ect  definition,  the  focu8  of  the  illuminating  lens 
for  transparent  olijects  should  tall  exactly  upon  the  object,  so 
that  there  shall  not  be  two  hqU  of  rays  at  different  angles, 
one  proceeding  from  the  luminous  b(xly,  and  the  other  from 
the  objeet  to  be  magnified  ;  and  adds,^**  That  the  iLluminating 
lens  slinuld  he  prfcctly  tree  from  chromatic  and  sphencal 
aberration,  and  that  the  greatest  care  should  be  taken  to  ex- 
clude all  extraneous  light,  both  from  the  objeet  and  from  the 
eye  of  the  observer**"  All  this  implies  that  tlie  condenser 
employed  should  be  in  iti&elf  acliromatic,  for  an  ordinary  lens 
acting  more  or  less  as  a  prism  to  deeom|»ose  the  light,  it 
follows  that  in  moat  cases  we  shall  have  the  ol)ject  illuminated 
with  the  prismatic  colours,  and  all  sharpness  of  outline  at  once 
destroyed.  Hence  the  necessity  of  employing  a  doublet  or 
some  kind  of  achromatic  lens  for  a  condenser. 

Achromatic  Condenser  or  EcimTa^e.—lLlm  Inst  nun  en  t,  the 
invention  of  M,  Dujardin,  an  eminent  French  microscopist, 
has  been  previously  alluded  to ;  the  different  forms  of  it,  sup- 
plied with  our  best  microscopes,  are  represented  by  figs.  51, 
52,  53,  and  although  differing  slightly  from  each  other  in  their 
construction,  they  all,  nevertheless,  are  capable  of  being  so 
adjusted  for  use,  that  the  axes  of  the  illuminating  lens  and 
object-ghiss  may  accurately  coincide  with  each  other.  The 
means  provided  for  effecting  these  iw:ljustment5  are  represented 
by  the  figures,  but  in  ortler  to  facilitate  their  use,  Mr,  Koss 
has  drawn  up  a  series  i>f  directions,  which  being  applical>le  to 
other  microscopes,  as  well  as  his  own,  I  venture  here  to  quote 
in  full  I — 

*  Penntf  Cydopadia^  Ait.  Microscope, 
t   Treatise  tm  Mirroneopf^  p,  146, 
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**Wheii  employing  this  apparatus,  the  general  practice  is 
to  insert  in  it,  as  an  iUuminating  lens,  the  ohject-glags  next 
lowest  in  power  to  that  which  id  intended  to  be  attached  t^ 
the  microscope ;  so  that  when  the  one-eighth  is  used  on  the 
microscope,  the  one-fourth  ia  screwed  into  the  iUiiminating 
apparatus,  and  80,  in  like  manner,  with  the  rest  But  when 
economy  is  not  reprarded,  a  system  of  three  achromatic  com- 
binatioDB  is  supplied,  adapted  for  the  illumination  of  the 
whole  range  of  the  powers  of  the  micro80ope»  the  whole 
system  beiug  employed  for  the  highest  powers,  two  of  such 
combinations  with  the  middle  powers,  and  the  largest  combi- 
nation by  itself,  for  the  lowest  powers.  This  illumination  is 
not  leqtdred  for  objects  when  viewed  with  object-glasees 
traoflmitting  small  pencils  of  rays,  or  whose  angular  aperture 
is  less  than  thirty  degrees — that  is,  where  the  object-glass  is 
of  greater  focal  length  than  half  an  inch. 

"  The  apparatus  Is  fixed  to  the  underside  of  the  stage  of  the 
microscope,  in  the  place  of  the  diaphragm  plate ;  and  before 
fudng,  the  proper  object-glass,  as  an  illuminating  lens,  must 
be  screwed  on  to  it-  Place  the  object  to  be  \iewed  upon  the 
stage  of  the  microscope;  and  when  the  instrument  is  not 
directed  at  once  (as  after  noticed)  to  the  source  of  light,  such 
as  the  flame  of  a  lamp  or  a  wliite  cloud,  arrange  the  reflector 
(having  the  plane  mirror  upwards)  so  as  to  throw  the  light  up 
the  tube  of  the  apparatus;  which  may  be  ascertained  by 
turning  aside  the  microscope  tube,  and  observing  when  the 
spot  of  light  appears  on  the  object  placed  on  the  stage.  The 
microscope  tube  la  then  to  be  replacedi  as  nearly  over  the 
spot  of  light  as  possible,  and  vision  of  the  object  obtained, 
disregartling  tlie  precise  quality  of  the  light 

*•  The  two  following  important  adjustments  must  next  be 
effected ;— first,  make  the  Image  of  the  source  of  light  (as 
flame  of  lamp  or  light  cloud)  distinctly  seen  at  the  same  time 
tliat  the  object  on  tlic  stage  is  seen ;  and,  secondly^  make 
the  axis  of  the  tube  of  tlic  illuminating  apparatus  coincide 
with  that  of  the  tube  of  the  microscope.  Tlie  first  adjustment 
is  accomplished  by  turning  the  miUed-hcad  screw  on  the  ride 
of  tJie  tube  of  the  apparatus,  until  the  brightest  illumination 
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IS  seen  Uirongh  tlie  microscope ;  then  move  the  microscope 
tube   from  ita  central  position  sideways  across  the   spot  of 
light  and  back  again,  to  ascertain  if  the  spot  of  liglit  passes 
across  the  centre  of  the  field  of  vision;   if  not^  it  may  be 
corrected  by  tnming  the  miUed-head  screw  of  the  iUuininating 
apparatus  which  irresses  against  the  front  etlge  of  the  stage, 
and  when,  by  adjustment,  it  is  found  that  the  spot  of  Hght 
passes  centrally  across   the  field,   then,   having  adjusted  the 
microscope  tube  so  as  to  bring  the  spot  of  light  to  the  centre 
of  the  field  of  \48ion,  screw  the  microscope  tube  fast  in  its 
place.     To  cttect  the  second  adjustment  mentioned  above,  the 
mirror  must  be  moved  about  until  an  image,  more  or  less 
distinct,  of  some  adjacent  object — such  as  a  window-bar  or 
chimney-pot — crosses  the  field  of  the  microscope;  the  most 
distinct  vision  of  this  object  is  then  to  be  obtained  by  turning 
the  miUed-heatl  screw  on  the  side  of  the  illuminating  appa- 
ratus, the  microscope  tube  remaining  stationary  with  the  object 
in  its  focus.     WTien  these  general  adjustments  are  accom- 
plished,  the  whole   may  require  correction,  which  must  be 
effected  by  a  repetition  of  the  process.     The  mirror  may  then 
be  turned  up  to  the  sky,  that  being  the  source  of  light,  and 
its  best  state  for  illuminating  microscopic  objects  is  by  means 
of  white  clouds  opposite  the  sun.     Tlie  utmost  perfection  of 
vision  is  generally  obtained  by  this  adjustment  ibr  day-light 
illumination  upon  delicate  objects ;  but  by  lamp-light  these 
objects  are  sometimes  seen  best  by  placing  the  acliromatic 
illuminating  lens  a  little  nearer  the  object  than  the  distance 
which  produces  a  distinct  image  of  the  source  of  light,  at  the 
same  time  that  the  object  is  in  focus.     Objects  having  some 
little  thickness  are  best  seen  when  the  lens  is  a  Httle  farther 
off  than  the  distance  just  mentioned.     This  last  jxjsition  of 
the  illuminating  lens  diffuses  the  light  more  equally  over  the 
field, 

"  When  lamp-light  is  used,  an  object-glass  of  lower  power 
than  that  which  it  h  intended  to  employ  for  obsci^ation, 
should  be  apphed  to  the  microscope  tube,  and  the  adjustment 
performed  as  before  directed.  Attention  must  be  paid  to  this 
additional  circmnstance,  namely,  that  the  image  of  the  lamp 
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be  placed  in  the  middle  of  the  illujiutmted  dijjc  of  liglit,  by 
means  of  the  mirror ;  the  mirror  and  lami*  are  then  to  remain 
stationary.     But  if  the  mirror  should  not  be  employed,  and 
the  light  obtained  direct  from  the  lamp,   then,  in  ordt^r  to 
tliruw  tlie  image  of  tlic  lamp  in  the  middle  of  the  illuminated 
disc,  the  adjustment  must  be  made  by  a  lateral  movement 
of  the  whole  micros<2ope,  and  by  varying  its  inclination ;  the 
image  being  thus  found,  the  lamp  and  microscope  must  remain 
stationar}'-     The  object-glass  used  in  this  preliminary  adjust- 
ment is  to  be  removed,  and  the  object-glass  to  be  employed 
for  observation  is  then  to  be  screwed  on  to  the  microscope 
tube  in  its  place,  and  the  object  brought  into  focus,  whieh 
will  also  bring  the  image  of  the  flame  of  the  lamp  distinct; 
but  the  distinctness,  as  also  the  centricity  of  the  image  of  the 
flame,  may  have  been  in  a  degree  deranged  by  slight  differ- 
ences  in  the   screws  of  the  object^lass  and  other  minute 
circumstances.     This  deviation  U  to  be  rectified  by  moving  .the 
microscope  tube  sideways  and  back  iigsiiu  across  the  image  of  the 
flame,  and,  if  adjustment  be  necessary,  by  turning  the  milled- 
head  screw  whieh  presses  against  the  front  edge  of  the  stage, 
as  before  described,  wliUe  the  mirror  and  lamp  remain  sta- 
tionary.      Slight  obliquity  of  the  illumination  sulxlues   the 
glare  attendant  ui>on  perfectly  central  and  full  illumination  by 
kmp-light;  and  tliis  obliquity  may  be  obtained  by  slightly 
altering  the  position  of  the  mirror ;  or  if  the  mirror  is  not 
employ ed^»  but  light  is  obtained  by  pointing  the  microscope 
tube  directly  to  the  lamp,  then  the  obliquity  required  may  be 
obtained  by  a  small  variation  of  the  tuclination  of  the  micro- 
scope." 

Some  achromatic  condensers  are  provided  with  a  prism  of 
the  fonn  represented  by  fig.  90,  as  a  substitute  for  tlie  plane 
mirror.  M.  Dujardin  employed  it  with  his  condenser,  and  the 
first  of  these  instruments  brought  to  this  country  was  supplied 
with  one.  The  method  of  using  it  differs  so  little  from  that 
of  tlie  ordinary  miiTor,  that  no  especial  directions  need  be  given. 
The  prism  certainly  has  some  advantages  over  a  mirror  in 
bringing  out  minute  markings,  and  also  in  being  a  better 
iUiuninator. 
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Mr,  Varley*8  dark  chamber  has  been  already  described  at 
page  100,  it  is  very  iiRofiil  where  an  aehromatic  condenser  is 
not  supplied,  as  the  light,  having  no  lens  to  ptiaa  through, 
is  not  decomposeil,  in  this  consists*  it^  value ;  the  method  of 
using  it  being  aimihir  to  that  of  the  achromatic  or  Wol- 
laston'a  condenser,  a  separate  description  is  not  required  in 
this  place. 

jyirect  Lif/hL- — -Many  very  delicate  objects  may  be  seen  to 
the  greatest  advantage  by  what  h  temieil  direct  iu/hty  which 
is  obtained  reiuiily  by  the  removal  of  the  mirror,  and  by 
placing  a  lamp  or  candle  beliind  the  stage  In  its  stead ;  for  this 
purpose  it  wilt  be  neeessar}^  to  incline  the  niicrof«"ope,  so  that 
the  rays  may  pass  through  the  stage;  and  in  order  that  the 
posture  in  which  the  observer  must  be  placed  be  not  ren- 
dered fatiguing,  it  is  the  best  plan  at  fii'st  so  to  raise  tlie 
injBtnunent  from  the  table,  that  the  eye-piece  may  be  on  a 
level  with  the  eye.  In  the  day  time,  the  light  taken  directly 
from  a  wliite  cloud  opposite  the  csun  will  serve  to  bring  out 
some  objects  \erj  beautifully,  but  it  is  impossible  to  give 
a  Ust  of  those  that  are  best  shown  by  direct  light,  tliis  can 
only  be  known  after  vei*y  extensive  pmctice,  as  the  cflTecta 
will  vary  with  each  different  mjignifying  power. 


« 
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Fig.  Ill, 
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Fig.  Ill  repreaenta  the  method  of  illuminating  by  direct 

light,  a  is  the  compound  body,  placed  in  a  horizontal 
position,  having  the  stage  h  at  right  angles  to  it ;  the  mirror 
m  is  turned  on  one  side,  so  that  the  diverging  mys  r  i^ 
12 
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emanating  from  tlie  lamp  /,  may  pass  through  the  hole  in  the 
stage  in  ncai^ly  straight  Lines;  tite  same  position  of  the  instru- 
ment will  sometimes  answer  for  daylight,  but  it  will  be  gene- 
rally found  that,  to  get  the  brightest  light,  the  compound 
body  must  be  more  depressed.  If  the  lamp  emiiloyed  as  the 
illuminator  can  lie  slid  down  so  far,  that  the  end  of  tlie  burner 
nearly  touches  the  table,  or  if  a  short  piece  of  wax  candle  be 
used,  the  eo3ii|M>und  body  may  be  inclined  at  an  angle  the 
most  easy  for  the  observer  to  work  at ;  the  inclination  in  all 
cases  must,  of  course,  depend  upon  the  height  of  the  illumi- 
nating Ijody  from  the  table  on  which  the  microscope  is  placed, 

Obltqite  Liiflit, — For  the  perfect  definition  of  the  markings 
of  cei'tain  fossil  aniinalcuJcs  of  the  genus  Navicula,  very 
oblique  liglit  must  be  employed,  this  is  effected  by  placing  the 
microscope  in  the  inclincil  position,  and  taking  away  all  tlie 
apparatus  from  the  under  suiiace  of  the  sts^e,  such  as  the 
dia|4migm-pkte,  or  achromatic  condenser,  and  by  turning  tlie 
mirror  so  far  on  one  side,  that  the  rays  of  light  may  be  thrown, 
m.  It  were,  ol>Uquely  acro^a  the  olycct,  and  not  perpendicularly 
through  it*  WTien  the  mirror  cannot  be  turned  very  far  away 
from  the  centre  of  the  stage,  tlie  desired  effect  may  be  ob* 
tained  by  mounting  the  object  upon  somctliing  that  will  raid© 
it  some  distance  above  the  general  level  of  the  stage.  Mr. 
Anthony  employed  two  of  the  boxes  which  contain  the  object 
glasses  for  this  purpose. 

Background  lUuininatioru — ^Tlie  attention  of  microscopistB 
waa  first  drawn  to  a  raethcMi  of  illumination  by  the  Rev,  J. 
B.  Ecade,  in  the  year  1838,  who  called  it  by  this  name.  The 
method  consists  in  illuminating  the  object  by  a  veiy  powerftil 
light,  phiccd  at  such  an  angle  with  the  axis  of  the  microscope 
that  none  of  the  rays  can  enter  it,  except  those  wliich  fall 
directly  upon  the  object,  and  are  so  far  bent  as  to  pass  through 
it  into  the  compound  body.  For  the  better  understanding 
of  the  mode  of  eftecting  this  illumination,  fig.  112  has  been 
drawn  to  give  a  general  idea  how  the  mlcro&cope  and  the 
other  apparatus  are  to  lie  phtced  for  the  piu^TJOsc : — a  h  re- 
presents the  stage  of  tfie  microscope  in  an  inclined  position ; 
e  a  condensing  lens  placed  below   and  on  one  side  of  the 
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stage ;  d  n  lamp  aleo  placed  below  the  stage  and  at  aome  dia- 
tiiuce  from  it ;  the  raja  of  light  r  r  r  r*  eomnating  trom  the  lamp, 


/^^^ 


y , 


.^>^ 


V\gAVl. 

are  thrown  obliquely  upon  the  object  <?,  and  only  those  that  are 
refrj^cted  by  the  glass,  or  by  the  object  under  examination,  will 
pass  through  the  compound  body  to  the  eye :  some  objects, 
when  viewed  in  tliis  way,  will  appear  beautilidly  yiimiinated 
on  a  field  of  view  that  is*  nearly,  if  not  quite,  dark.  Thia  19  a 
most  valuable  method  of  illimii nation  for  some  preparationB, 
but  not  for  others ;  hence,  in  all  newly  investigated  struc- 
tures, it  should  be  employed  to  see  what  eftect  it  produces  on 
them.  It  is  also  capable  of  being  acconipliflhed  by  daylight  by 
elevating  the  condenser  c  above  the  stage,'  and  then  allowing 
the  niys  from  a  white  cloud,  if  possible,  to  pass  through  it ; 
but  the  effect  is  not  quite  so  striking  as  when  a  lamp  is 
employed,  unless  the  eyes  be  shielded  by  the  hood  or  bonnet, 
des*^ribed  at  page  132,  from  all  the  surrounding  light.  These 
different  modes  of  Illuminating  ti-ansparcnt  objects  will  be 
again  alluded  to  in  the  clmpter  devoted  to  test  objects. 
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OPAQUE    OBJECTS. 


Opaque  ohfects  may  be  illuminated  in,  at  least,  two  different 
ways ;  either  bj  light  thrown  in>on  them  obliquely  by  a  con- 
densing lens  or  a  side  reflector,  or  else  by  the  silvered  cup  or 
Lieberkuhn;  in  the  latter  case,  the  rays  fall  upon  them  more 
or  less  perpendicularly.  In  the  first  method,  and  when  the 
object  is  large,  we  employ  simply  the  condensing  lens  or 
bull*B-eye,  as  it  is  sometimes  called,  which  has  been  fully 
described  at  pagea  100-7-8.  The  illuminating  body,  which 
may  be  either  a  candle  or  an  argand  lamp,  ahould  be  situated 
about  a  foot  or  eighteen  inches  distant  from  the  stage  of  the 
microscope,  and  the  condensing  lens,  with  its  convex  side 
towards  the  lamp,  placed  so  near  the  stage,  that  all  the  light 
falling  on  it  may  be  brought  into  a  focus  upon  the  object.  By 
turning  the  convex  side  of  the  lens  towards  tlie  lamp,  as 
shown  in  fig.  1 13,  in  which  A  B  represents  die  stage ;  C  the 
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Fig.  113, 

glass  plate  supporting  the  object  o;  P  E  the  condensing  lens; 
L  the  lamp ;  and  t¥  t¥  diverging  rays  of  light  falling  upon 
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the  lens  D  E ;  these  rays,  as  also  those  shown  by  fig,  100,  wiU 
be  brought  into  a  focus  F,  when  the  lens  is  placed  as  there 

represented;  but  if  the  flat  side  occupy  the  same  position, 
then,  according  to  fig.  101,  it  will  be  in  the  worst  possible 
condition^  as  its  spherical  aberration  will  be  the  greatest 
Fig.  114  represents  this  arrangement,  the  same  letters  being 
used  as  in  the  preceding  figure ;  here  it  will  be  seen  that  the 
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Fig.  114. 

rays  nearest  the  margin  of  the  lens  D  E  will  be  brought  to 
a  focus  mion  the  ol>jc(*t  «,  but  those  nearer  the  centre  will 
pass  on  to  F,  so  that  a  will  be  only  illuminated  to  about  one- 
half  the  extent  of  a  in  tlie  preceding  figure.  Wben,  however, 
it  is  required  to  procure  either  parallel  or  tli verging  rays, 
so  as  to  iUuminate  a  large  surface,  such  as  the  mirror  or 
side  reflector,  the  lens  must  then  be  placed  very  near  the 
lamp  with  iu  flat  eidc  towardi?  the  light,  as  shown  in 
fig.  115,  and,  according  to  the  distance  of  the  one  from  tlie 
other,  so  will  the  rays  either  be  convergent,  divergent,  or 
even  parallel.  Should  it  be  required  to  illuiuiniite  a  large 
portion  of  an  object  for  dissection  or  for  other  piu'poses,  then 
we  may  have  recourse  to  the  following  plan ;  tlie  large 
condenser  must  be  placed  near  to  the  lamfj,  so  that  diverging 
rays  given  nff  from  it  may  be  so  converged  m  U)  fill  the  entire 
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circle  of  tte  eraall  c-ondenser,  before  described  at  page  108 ; 
this,  generally  speaking,  ia  a  double  convex  lens  of  two  or 


^^ 


Fig.  115. 

three  inchcB  focus,  and  either  Bupported  on  a  separate  foot, 
or  else  attjiched  to  the  stage^  or  w:)nie  other  mi  moveable  part 
of  the  Btand  of  the  microscope  ;  and  slioiild  be  so  i>laccd  that 
the  rays  of  %ht  from  tlie  large  condenser  be  thrown  npon  it. 
These    rays    being  shghtly  oonvergent,  and   falling  upon  a 
double  convex  lens,  may  either  be  rendered  parallel  or  con- 
vergent ;  in  the  former  case,  a  spot,  equal  in  size  to  the  lens^ 
may  therefore  be  illumiuated,  or  the  light  may  be  brought  to 
a  focus  F  upon  the  object  0,  as  seen  in  fig.  115,  where  L 
represents  the  lamp ;  D  E  the  large  condenser ;  and  A  B  the 
emallen     The  small  condenser  answers  uncommonly  well  for 
daylight,  for,  in  this  case,  the  rays  being  pamliel,  they  will  be 
made  to  converge  and  be  brought  into  focus  upon  the  object. 
This  mcnJe  of  iUimiinating  an  opaque  object  ap|)ears  to  have 
been  first  contrived  by  Hooke,  in  1675,  for,  in  hie  Micragrct^ 
phtay  plate  1,  the  same  arrangement  is  represented  as  the  one 
above  described;  but^  instead  of  a  large  condenser,  a  globe  of 
glass  full  of  water  was  used  by  him. 

The  other  mode  of  illuminating  an  opaque  object  by  oblique 
light  is  tliat  by  the  side  reflector,  the  invention  of  Mr*  Roa% 
it  consists  of  a  hemisphericiLl  oblong  silver  cup,  described 
at  pttge  104,  wliich  is  attached  to  some  immovable  part 
of  the  stage  or  the  stand  of  the  instrument,  and  is  suji- 
plied  witli  a  sliding  arm  and  a  ball  and  socket  joint  for  ad- 
justment, so  that  it  may  be  used  for  an  opaque  object  cither 
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placed  on  the  stage,  or  held  by  the  forceps j  the  mode  b  as 
follows : — 

The  eoiidenaing  lens,  being  placed  near  to  the  flame  of  the 
lanip^  must  be  arniiiged  to  tlu'uw  pamllel  rays  ujxjn  the  re- 
Sector,  which  ehouUl  be  80  a^ljusted  as  to  condense  them  uiion 
an  object  placed  in  its  focus.  Tlie  manner  of  doing  this  is 
shown  by  fig.  116,  where  AB  represents  the  rellector;    C  a 
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Fig.  116. 

jpaijaUde,  gupposed  to  be  on  the  stage-plate  of  the  microscope, 
with  an  object  a  njion  it ;  L  the  hinip,  the  burner  of  which 
ghould  be  on  a  lower  level  than  the  reflector  \  and  D  E  the 
condensing  lens  placed  at  a  short  distance  from  the  flame  of 
the  lanip,  tlie  diverging  rays  given  off  from  it  are  rendered 
nearly  imrallel  by  the  lens,  and  the  five  rays  r  r,  &c,,  falling 
on  the  reflector,  become  convergent  as  seen  /r',  and,  as  such, 
meet  in  a  fociil  point  on  the  object  a.  The  reflector  being 
attached  to  some  inmioveable  part  of  the  microscope  stand, 
and  the  lamp  and  condensing  lens  being  also  fixtures,  it 
foEows  that  the  object^  if  large  and  flat,  may  be  moved  by  the 
stage  adjustments  into  any  j>o.sitton  that  may  be  required 
without  the  lea.st  alteration  of  the  reflector;  but  should  die 
object  have  an  uneven  gnrfacCj  the  reflector  may  then  be  so 
tm*ned  on  its  baU  and  socket  joint,  as  to  suit  every  inequality 
the  object  may  prescnL 

JJrhrrhihtu — The   mode  of  illnminatlng  by  perpendictdar 
light   is    cftected    by   the    Licberkuhn,    before   described    at 
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page  1 1 1 1  this  confiiistSj  m  there  stated,  of  a  concave  silvered 
cup,  adapted  to  a  short  tube  tliat  slides  over  the  outer  port  of 
the  aetting^of  the  object-glasa  with  which  it  ia  intended  to  be 
used;  and  is  so  contrived  that,  when  con  veiling  rays  of  light 
arc  thrown  on  it  by  the  concave  mirror,  they  will  be  brought 
to  a  focus  on  an  object  placed  in  the  focus  of  the  object-glass. 
All  the  object-glasses,  from  the  two  inch  to  the  one-fourth,  are 
provided  with  Licberkuhns,  but  the  one-eighth  and  one-flix- 
teenth  approach  so  close  to  the  object^  that  it  would  be  useless 
to  apply  one  to  them.  Tbe  cilder  microscopes  were  eometimes 
fitted  mth  only  one  Liebcrkuhn  for  all  the  magnifjring  {x)were, 
and  this  was  made  to  slide  up  and  down  upon  the  end  of  the 
compound  botiy,  as  dcseribed  at  page  22,  so  as  to  condense 
tlic  light  upon  any  object  placed  in  the  focus  of  eitlier  of 
the  magnifiers,  but  it  will  be  found  far  preferable  to  have  a 
Lieberkubn  adapted  to  each  object-glass,  tht?  old  way  was 
economical,  but,  as  microscopes  are  now  constructed,  the  plan 
cannot  weU  be  adopted. 

When  it  is  required  to  use  a  Licberkuhn,  the  diapliragm 
plate  should  be  removed  from  the  under  surface  of  the 
stage,  and  an  object-glass,  with  its  aecompunying  Licberkuhn, 
having  been  screwed  to  the  comijound  body,  the  object  in- 
tended to  be  viewed  must  either  be  placed  on  the  stage-phite 
or  held  in  the  forceps ;  the  Uglit  must  then  he  thrown  upon 
the  Lieberkubn  by  the  concave  mirror,  as  shown  in  figs.  117 
and  118,  where  A  represents  the  end  of  the  compoxmd  body, 
B  the  object-glass,  C  the  Lieberknlm  in  section,  D  the 
concave  mirror,  and  E  an  object  in  the  focus  of  tlie  object^ 
glass.  The  converging  rays  r  r,  &c.,  reflected  from  the  mirror, 
will  be  condensed  njwn  tlie  object  E,  which,  if  perfectly  flat, 
will  be  well  exliibited  ;  but  if  the  surface  is  uneven,  no  part  of 
it  will  be  correctly  defined,  in  consequence  of  there  being  no 
shadows.  The  method  of  illuminating  tlien  to  be  employed  is 
diown  by  fig.  118,  where  it  will  be  seen  that  the  rays  r  r,  &c,, 
from  the  mirror,  are  only  tlirown  on  one  side  of  the  Lie- 
bcrkuhn C  J  these  are  reflected  obliquely  upon  the  object  E, 
and  no  part  of  it  being  illnniinated  perpendicularly,  a  shadow 
is  therefore  produced,  and  a  correct  figine  obtained*     li'  the 
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object  be  a  transpai-eiit  one,  it  is  necessary  that  mme  kind  of 
dark  ground  be  placed  at  the  back  of  it,  to  prevent  the  central 
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Fig.  117. 


Fig.  118. 


rays  of  light  from  passing  to  the  object-glaaa ;  this  may  be 
effected  by  the  employment  of  one  or  other  of  the  dark  Btopa 
or  chambers,  represented  by  fig.  119,  which  should  be  brought 
into  the  axis  of  the  instrument,  so  as  to  cut  off  all  the  rays 
that  otherwise  would  pass  to  the  object-glaaa,  and  so  inter- 
fere with  the  definition,  as  it  is  highly  necessary  that  no  rays 
should  \mm  to  the  magnifier,  save  those  from  the  object  itself. 
These  stops  are  made  of  different  sizes  for  the  different 
magnifying  powers  \  the  lower  the  power  the  larger  tlie  stop 
required.  When  the  stops  are  not  fitted  to  a  microscope, 
tlieir  place  may  be  suj^plied  by  a  disc  of  black  pnpcr  laid 
behind  the  object;  or  if  the  preparation  be  mounted  either  on 
the  discs  of  cork  or  in  cells,  as  hereafter  to  be  described,  the 
use  of  the  dark  stop  may  be  dispensed  with.  Many  persons 
prefer  mounting  their  opaque  objects  on  papers  of  different 
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colours,  Buch  as  green,  reel,  and  even  white ;  but  it  will  be 
found  bj  fkr  the  best  pkn  to  use  a  dead  black,  as  then  there 

IB  no  danger  of  the  definition  being  inteHered 
with  by  Hght  reflected  from  other  portd  than 
from  the  object  itself-  When  the  subject  of 
inveBtigatioo  is  in  fluid,  and  of  a  white  colour, 
a  portion  of  black  paper  may  be  placed  be- 
neath it,  to  form  a  back-ground ;  if  tbe  paper 
be  made  with  lampblack,  there  is  no  fear  of 
tlie  colouriug  matter  coming  off;  or  even  a 
piece  of  glu^s  which  has  been  blackened  on 
one  side  with  sealing-wax,  dissolved  in  spirite 
of  wine,  will  tbrm  an  excellent  back-ground, 
and  such  a  thing  shoidd  he  always  at  hand ; 
it  will  often  be  found  convenient,  and  will 
answer  the  purpose  of  the  black  circular  disc 
with  which  all  the  old  microecoi^es  were  sup- 
Fig.  119,  plied.  The  method  of  using  the  dark  stops 
is  shown  in  fig.  12(),  where  a  represents  the 
cod  of  the  compound  b<:>dy  ;  h  the 
object-glass;  c  the  Lieberkuhn;  e  the 
dark  stop,  wliieh  is  to  be  placed  in 
the  hole  of  a  snudl  arm,  that  is  capa- 
ble of  being  turned  under  the  stage 
after  the  diaphragm  has  been  re- 
moved ;  /a  pair  of  forf^cps,  in  whicli 
is  held  the  object  d.  The  rays  re- 
Hected  in  nearly  parallel  fines  from 
the  mirror  are  by  the  Liel>erkuhn 
concentrated  on  the  object,  and  those 
whicli  are  near  the  centre  are  pre- 
vented from  pjissing  into  the  object- 
glMB  by  the  dark  stop  e :  it  little  matters  how  small  the 
object  is,  or  whether  it  be  transparent  or  not,  as  the  dark 
stop  win  entirely  prevent  any  light  passing  cither  through  or 
around  it. 

When  the  t«ide-reflcctor  and  the  Lieberkuhn  are  compared 
together,   it   will   be  seen   that,   witli  the  latter,  all  opaijue 
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objecta  must  be  under  a  certain  size,  otherwise  no  light  will 
pass  around  them  to  reach  the  Lieberkuhn ;  but,  with  the 
fonner,  it  mattcrB  not  how  large  they  may  be,  aa  the  light  is 
thrown  down  obliquely  upon  them,  in  the  same  manner  as  if 
the  condensing  lens  were  employed  As  a  general  rule  it 
may  be  stated,  that  the  side -reflector  is  most  ubcM  with 
powers  up  to  the  half-inch,  the  Licberkuhn  with  the  higher. 

It  must  be  borne  in  mind  that  those  objects  in  which  rich 
tints  of  colour  prevail,  or  otherj^  whose  surfaces  in  any  way 
decompose  the  light,  must  be  mounted  in  such  a  manner,  that 
they  may  be  turned  in  every  possible  direction,  in  order  that 
the  rays  of  light  may  fall  on  them  at  very  oblique  angles ;  a 
disc  of  card  or  cork,  with  a  pin  through  it,  will  be  tlxe  best 
plan  to  adopt,  as  then  they  may  be  inclined  at  any  angle, 
eitlier  by  tumiog  the  pin  or  shillting  the  forceps  in  which  the 
pin  is  held.  The  mounting  on  flat  slips  of  glass,  as  shown  in 
figs.  113-14-15,  cannot  be  advantageously  employed  with  any 
of  such  objects. 

Before  leaving  the  subject  of  the  ilhunination  of  micro- 
scopic objects,  it  may  be  as  well  here  to  lay  down  cex'tain 
rules,  which,  for  the  accurate  display  of  minute  structures, 
should  be  fully  carried  out^  Sir  David  Brewster,*  the  greatest 
living  authority  in  these  matters,  has  insist<^d  on  the  follow- 
ing ;  these,  with  some  few  alterations  suitable  to  our  modern 
microscopes,  we  will  adopt  :^ — 

L  The  eye  should  be  protected  from  all  extraneous  light, 
except  that  which  is  transmitted  through  or  reflected  from  the 
object. 

2.  Delicate  microscopical  obser^^ations  shoidd  not  be  made 
when  the  fluid  which  lubricates  the  cornea  of  the  observer's 
eye  happens  to  be  in  a  viscid  state,  which  is  frequently 
the  case. 

3.  The  figure  of  the  cornea  will  be  least  injured  by  the 
lubricating  fluid,  either  by  collecting  over  any  part  of  the 
cornea,  or  moving  over  it,  when  the  obser^^er  is  lying  on  his 
back  or  standing  vertically.  When  looking  downwards,  as 
into  the  compound  microscope  arranged  vertically,  the  fluid 

•    Trt'aiific  on  the  Micmsropf,  p.  138, 
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has  a  tendency  to  flow  towards  the  pupil^  and  injure  the  dia- 
tinetiiess  of  the  vision- 

4*  If  the  microacopic  object  ib  longitudinal,  like  a  fine  hair, 
or  consifitfi  of  longitudinal  atripes,  the  direction  of  the  lines  or 
stripes  should  be  towards  the  ohserver'a  body,  in  order  tliat 
their  fonn  may  be  the  lea^t  injured  by  the  descent^of  the 
lubricating  fluid  over  the  cornea, 

5.  The  field  of  view  should  be  contracted,  so  as  to  exclude 
every  part  of  the  object,  excepting  that  which  is  under  imme- 
diate exajnination* 

6.  The  tight  which  is  employed  for  the  purpose  of  illumi- 
nating the  object  should  have  as  enmll  a  diameter  as  possible. 
In  the  day  time  it  should  be  a  single  hole  in  the  window 
shutter  of  a  darkened  room,  and  at  night  it  should  be  an 
ai>crture  placed  before  an  argand  lamp.  To  effect  this  last 
desirable  object,  either  the  diaphragm  represented  by  fig.  63^ 
or  the  chimney  shade  described  at  page  137,  may  be  employed* 

7.  In  all  cases,  and  particularly  when  very  high  powers  are 
requisite,  the  natural  diameter  of  the  light  employed  shoidd 
be  diminished,  and  its  intensity  increased  by  optical  con- 
trivances, 

8.  When  a  strong  light  can  be  obtained,  and,  indeed,  in 
almost  every  case,  homogeneous  light  should  be  thrown  upon 
the  object;  this  may  be  done  either  by  decomposing  the 
light  with  a  prism,  or  by  transmitting  it  through  a  coloured 
glass,  which  has  the  property  of  admitting  only  homogeneous 
rays.  Sir  David  hijnself  obtained  homogeneous  light  by  the 
emplopnent  of  a  lamp,  in  which  diluted  alcohol  was  burnt ; 
but  tlie  cost  of  the  spirit,  and  the  trouble  of  adjusting  the 
proper  colour  of  the  flame,  have  been  a  complete  bar  to  its 
genera!  use. 

The  two  hist  rules  may  now  be  carried  out  to  the  fulleoi 
extent  in  all  our  modern  microscopes,  by  the  application  to 
them  of  the  achromatic  condenser,  and  !iy  the  use  of  the 
ncutnd  tint,  or  l»lue  gla'^?,  under  the  stage,  to  destroy  the 
yellow  colour  of  the  illuminating  rays.  The  chimneys  of 
lamps  also  tliat  are  now  made  of  glass  of  a  light  blue  tint,  as 
clrH'ribifl  at  page  137,  render  essential  service  to  the  illumi- 
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nation  by  the  nearly  complete  destruction  of  the  yellow  colour 
of  the  flainCj  and  by  the  substitution  for  it  of  a  bright  white 
light 


CHAPTER  ILL 


BIICROMETER, 

One  of  the  most  valuable  adjimets  to  a  good  microscope  is 
an  instrument  tenned  the   micrometer,    which,   aa   its  name 
implies,  is  tor  the  purpose  of  ascertiiining  the  measurement  of 
fimall  objects;  for  not  only  is  it  highly  demrable  in  micro- 
scopical investigations  to  have  a  means  of  estimating  the  exact 
8ize   of  any  object   under  examination,  hut,  io  the  present 
advanced    state    of    science,    accurate     measurements    alone 
oftentimes   fonn   the    most    valuable   points    of   ihstinction, 
and   from  the   earliest  period   of  microscopical   science,  the 
want  of   some  conunon  standard    for   comparison   has   been 
greatly  felt.    Leeuwenhoek  selected  minute  grains  of  sand,  as 
nearly  ahke  as  possible,  and  arranging  them  in  a  line,  counted 
the  number  which  occupied  tlie  space  of  an  inch:  by  com- 
paring the  subjects  of  his  examination  with  tliese,  he  was 
enabled  to  form   a   rougli   estimate   of   their   bulk.      More 
modem  microacopists  have  employed  for  the  same  purpose  the 
sporules   of  the    Lycoperdon   bovista,  or  puff-lmlL      These, 
which  are  said  to  be  so  small  as  the  ^^  ^  |>art  of  an  inch,  will 
only  answer  for  the  most  minute  structures ;  but  for  those 
that  are  larger,  the  sporules  of  the  Lycopodium  may  be  used, 
their  mean  diameter  being  about  ^^  of  an  inch*    Dr.  Jurin* 
introduced  into   the  field  of  view  small  pieces   of  silver  or 
brass  wire,  whose  diameter  he  had  previously  ascertained  by 
coiling  it  round  a  cylinder,  and  observing  liow  many  breaiUhs 
of  the  wire  were  contained  in  a  given  nmnbcr  of  inches,  or 
parts  of  an  inch.     Other  aubatances,  whose  dimensions  have 
previously  been  made  known,  such  as  hair  silk  and  hmnan 
blood,  liave  all  been  suggested  aa  apphcable  to  the  same  pur^ 
♦  PhtfticQ  Mathematical  DiasertationM^  p.  4^. 


190 


USE  OF  THE  MICROSCOPE. 


pose.      As  long  ago  as  1750,*  Martin  Folkes,  then  President 

of  the  Royal  Society,  described  a  plan  of  Ciift\  of  placing 
a  lattice  of  fine  silver,  or  other  wires,  in  the  focus  of  the  eye- 
glass of  the  com|XJund  body,  the  individual  wires  being  dis- 
tant from  each  otlicr  ^^  of  an  inch ;  these  were  crossed  at 
right  angles  by  others  at  the  same  distiince  apart,  gmd  so 
contrived  as  to  di\ide  the  whole  area  of  the  field  of  view  into 
sc^uares,  whose  sides  were  just  -^  of  an  inch  in  length  ;  and 
as  the  image  of  any  object  under  examination  is  formed  where 
the  micrometer  is  placed,  it  follows  that  such  image  may  be 
readily  measured :  this  appears  to  have  been  the  first  applica- 
tion of  a  scale  to  a  magnified  imtige. 

Benjamin  IVIartin,  also,  about  the  same  time  f  contrived  a 
micrometer  for  his  compound  microscopes :  this  consisted  of 
a  screw  ha\dng  fifty  threads  in  the  inch^  and  made  to  revolve 
in  the  focus  of  the  eye-glass;  one  end  of  the  screw  was 
pointed,  and  the  other  was  provided  ^vith  a  hand,  or  index, 
which  could  be  turned  upon  a  dial,  like  that  of  a  watch, 
whose  cii*cumference  was  divided  into  twenty  parts;  the 
value  of  each  division,  therefore,  was  tifW  of  ^^  inch.  The 
object  to  be  measured  was  placed  on  the  stage  in  the  usual 
manner,  and  was  so  adjusted  that  the  image  of  one  of  its  sides 
should  be,  as  it  were,  applied  to  the  point  of  the  screw  when 
the  hand  of  the  index  was  at  zero;  the  nmnber  of  revolutions 
and  parts  of  the  same  that  may  be  made  daring  the  passage 
of  the  point  of  the  screw  to  the  opposite  side  of  the  object 
will  give  its  dimensions. 

The  elder  Adams  employed  an  insti'unient  of  the  same 
kind,  which  was  clamped  by  a  screw  to  the  outside  of  the 
compound  bwly,  and  a  needle,  acted  on  by  a  screw  with  fifty 
threads  to  tlie  inch,  was  passed  through  a  smaU  hole  in  the 
side  of  tlie  body,  so  as  to  be  in  the  focus  of  the  eye-glass ; 
the  value  of  each  turn  of  the  screw  was  known  by  an  index, 
which  pointed  to  a  series  of  divisions  on  a  circular  plate  fixed 
at  right  angles  to  the  axis  of  the  stTew.  To  ascertain  with 
ease  a  email  part  of  an  inch,  a  sectoral  scale  was  contrived ; 

*  Baker ^  Oh  Microscope ^  vol.  ii.,  p. 
t  Aficragrapkia  Nova^  p,  10. 
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this  conBisted  of  two  lines,  which  formed  with  eiijch  other  an 
isosceiea  triangle,  each  of  whose  eides  was  two  incliea  long 
and  the  base  one-tenth  of  an  inch ;  one  side  was  divided  into 
ten  parts,  and  the  transverse  measure  was  such  a  part  of  the 
tenth  of  an  inch  as  w^as  expressed  by  the  division^?,  so  that 
the  transverse  measure  of  the  first  division  would  be  the 
tenth  part  of  a  tenth  of  an  inch,  or,  in  other  words,  the  -pj^. 
If*  the  divisions  were  twenty  in  number,  then  the  value  of  the 
same  measure  would  be  ^wo  ^*  ^^^  inch.  Adains  also  con- 
trived a  inicrometer  for  placing  on  tlie  stage ;  it  contsisited  of 
a  few  small  silver  wires,  in  tlie  fonn  of  a  lattice,  the  distance 
of  one  from  the  other  bein^  exactly  equal  to  that  of  the 
diameter  of  the  wire  itself;  the  lattice  was  phiced  between 
two  pieces  of  mica,  and  the  object  was  placed  njwn  the  mica, 
and  both  it  imd  the  lattice  were  magnified  equally.  Various 
otlicr  contrivances  have  been  had  recourse  to  for  effecting  the 
game  object,  but  they  may  all  be  classed  under  two  heads : — 
first,  into  those  micrometers  that  are  applied  to  the  magnified 
image  of  an  object ;  and  second,  into  those  that  are  magnified 
at  the  same  time  as  the  object  itself.  It  would,  however,  be 
useless  to  enter  further  in  detail  into  the  subject,  as  only  a  few 
of  the  old  forms  are  now^  adopted,  these  being  the  stage  micro- 
meter, consisting  of  a  number  of  lines  accurately  ruled  on 
glass,  metal,  ivory,  or  niother-of-peai4,  after  the  plan  of  tliose  of 
the  late  Mr.  Coventry,  and  the  cobw^eb  uucrometer  eye-piece 
of  Ramsdeu ;  the  divided  object-glass  micrometer,  and  many 
others  equally  goiw],  being  now  but  rarely  employed  with 
the  achromatic  comjiound  microscope.  The  micrometers  in 
general  use  at  the  present  day  are  of  three  kinds,  and  may  be 
designated  as  follows : — first,  the  stage  micrometer  ;  second, 
the  micrometer  eye-piece ;  and  third,  the  cobweb  or  wire 
micrometer.  The  fii'st,  or  stage  micrometer,  is  placed  in 
iimuediate  contact  with  the  object,  and  l>oth  it  and  the  object 
are  magnified  togetlier;  whereas  the  two  last  are  applied  to 
the  magnified  imiige  of  the  object,  which,  in  practice,  has  been 
found  the  most  available  plan. 

Staga  Micrometer^  invented  by  the  lato  Mr.  Coventry,  con- 
sists of  a  piece  or  alip  of  gla^s^  metal,  ivory,  or  mother-ot- 
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pearl,  ruled  with  fine  lines,  by  means  of  a  diamond  |x>int^  at 
some  known  distance  apart,  say  from  y^^  to  T5*?m  ^^  *^  inch* 
as  shown  by  fig.   121 ;  on  this  the  object  is  placed,  and  it  is 


Fig,  121. 

necessary  that  both  it  and  the  lines  be  seen  at  one  and  tlie 
same  time;  the  number  of  lines  which  the  object  occupies 
will  give  the  exact  measurement.  This  method,  however,  is 
very  inconvenient,  and  can  only  be  efi'ected  with  a  ^ngle 
lens,  or  with  a  compound  microscope  of  low  power;  for 
with  higher  powers  the  focal  point  is  so  precise,  that  the 
plane  in  which  objects  can  be  distinctly  defined  is  almost  a 
mathematical  one,  and  the  lines  and  the  object,  therefore, 
cannot  be  in  focus,  or  be  tlistinetly  seen  together ;  besides,  if 
the  object  be  immersed  in  a  lluid,  the  lines  wiU  become  indis- 
tinct from  being  filled  with  it,  and  thus  the  operation  of 
measuring  will  be  rendered  tdmost,  if  not  quite,  impracticable. 
It  is  also  inapplicable  to  opaque  objects  of  any  thickness,  and 
even  to  transparent  ones  after  tliey  are  moimted ;  but  is  of 
great  uee  for  other  purposes,  and  will  be  again  alluded  ta 

Ei/f'pic€€  Micrometer^ — This  consists  either  of  a  positive  or 
negative  eye-piece,  having  a  divideil  glass  placed  in  the  focus 
of  the  eye-lens :  if  the  positive  eye-piece  is  used,  the  divided 
glass  is  placed  below  the  field-lens ;  but  if  the  negative,  then 
the  point  selected  is  between  the  two  lenses.  The  positive 
eye-piece  is  the  invention  of  Ramsden,  and  has  been  before 

alluded  to  in  pages  73  and 
160.  Mr,  Ross,  who  em- 
ploys it  for  his  microme- 
ters, adopts  the  form  re- 
sented by  the  figs,  122  and 
1 23.  Fig.  1 22  exhibits  the 
external  appearance,  and 
Fig.  122.  Fig.  123,        fig*  123  a  section  of  the  same: 
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it  consists  of  two  tubes,  Blidiog  one  within  tbe  other;  the 
external  one  has  the  divided  ^htsa  screwed  into  its  lower  end, 
and  the  iuternal  carries  thv.  two  leni^es,  as  shown  in  fig*  123. 
When  this  figure  is  oomparcd  with  fig*  91,  it  \^dll  be  seen 
that  the  field-lena  is  reversed;  that  isj  its  convex  sur&ce  ia 
towards  the  eye*     The  dirided  glasses  are  shown  by  fig.  124  ; 

tbe  Uu<.*s  ruled  on  them 
may  wltv  from  the  ^y  to 
the  ^^^  of  an  inch  apart; 
ihey  are  set  in  bi-atsd  eeUs, 
by  which  tliey  may  he 
Fiif.  124.  screwed  into  tbe  lower  end 

of  the  outer  tube,  so  as  to 
be  in  the  focus  of  tbe  eye-glass.  The  value  of  the  squares, 
witli  tbe  different  eye-pieces,  is  obtained  by  a  stage  micro- 
meter, Mr.  Ross  now  employs  only  one  divided  glass,  and 
the  values  of  tbe  squares,  with  the  different  object-glasses, 
having  been  detennined,  are  set  down  in  a  tabular  fonn. 
Mr,  Powell  and  Mr,  Smith,  follo%ving  Mr,  Tidley.  place  the 
micrometer,  in  tbe  negative  eye-piece^  in  the  situation  of  tlic 
stop.  Each  of  the^e  plans  has  its  peculiar  advantages.  The 
positive  eye-piece  gives  the  best  \'iew  of  tlie  micrometer,  the 
negative  of  the  object.  The  former  is  quite  free  from  distor- 
tion, even  to  the  edges  of  the  field  ;  but  tbe  object  is  slightly 
coloured.  Tbe  latter  is  free  from  colour,  but  is  slightly  dis- 
torted at  the  edges ;  in  the  centre  of  the  field,  however,  to 
the  extent  of  half  its  diameter,  there  is  no  perceptible  distor- 
tion, and  the  clearness  of  the  definition  gives  a  precision  to 
tlie  measurement  wliieh  is  very  satisfactory.  Tbe  plan  now 
generally  adopted  is  that  which  was  first  recommended  by 
Mn  George  Jackson,  in  a  paper  read  before  the  Microscopical 
Society,  in  1840 ;  since  that  time,  he  has  improved  upon  the 
method  of  mounting  tbe  dirided  glass,  and  has  fumiehed  to 
the  society  a  more  lengthened  communication,  from  which,  by 
his  permission,  I  have  taken  uiy  description. 

Short  ijold  lines  are  ruled   on  a  piece  of  glasa ;    and,   to 
facilitate  counting,  tbe  fifth  ia  drawn  longer,  and  the  tentli 
si  11 1   longer,  as  in  the  common  nite.     Very  finely  levigated 
13 
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plumbago  is  rubbed  into  the  lines  to  render  them  visible;  and 
they  are  covered  with  a  piece  of  thin  glass,  cemented  by 


W 


Fi-.  12.3. 


Canada  balsam,  to  secure  the  pUunbugo  from  being  wiped  cut. 
The  slip  of  glass  thus  prepared  is  placed  in  a  thin  brass  frame, 
a,^  shown  in  fig*  125,  so  that  it  may  slide  freely  ;  and  Is  acted 


Fig.  126. 


Fig,  127, 


on  at  one  end  by  a  pushing  screw,  and  at  the  other  by  a  slight 
spring.  Slits  are  cut  m  the  negative  eye-piece  on  each  side,  as 
ahown  in  figs,  126  and  127,  so  that  the  brass  frame  m  may  be 
passed  across  the  field  in  the  focus  of  the  eye-glass,  the  cell 
of  wliich  should  have  a  longer  screw  than  usualy  to  admit  of 
a^ljustmcnt  for  dilterent  eyes.  The  brass  frame  is  retained  in 
its  place  by  a  spring  within  the  tube  of  the  eye-piece.  When 
tlie  frame  is  not  employed,  an  inner  piece  of  tube  a  may  be 
dra^vn  across  the  slits,  so  as  to  prevent  dust  from  getting 
between  the  glasses.  The  methcxl  of  using  this  micrometer 
is  as  follows : — the  object  is  brought  tu  the  centre  of  the  field 
by  the  stnge  movement,  and  the  coincidence  between  one  side 
of  it  and  one  of  the  long  lines  is  made  with  great  aocumcy. 
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The  cobweb  micrometeri  the  invention  of  Rameden,  is 
represented  by  fig,  128 ;  it  is  composed  of  a  positive  eye- 
piece (fig.  91),  in  the  focus  of  the  upper  or  eye-glas8  of 
which  two  very  iine  parallel  wires,  or  cobwebs,  are  stretched 
across  the  tield ;  one  of  these  wires  can  be  separated  from  the 
other  by  a  screw,  commonly  pro\ided  w^ith  a  honch-ed  threads 
to  the  inch,  and  the  head  of  wliich,  as  shown  by  fig.  128,  ia 
also  divided  into  a  himdred  parts.  Tlie  field  of  view,  which  is  ^ 
represented  by  tig,  129^  is  made  fiat  on  its  lower  border,  by 
means  of  a  comb,  made  of  a  thin  piece  of  brass,  whose  edge 
is  indented  with  notches,  made  by  the  threads  of  the  same 
screw;  every  fifth  notch  is  longer  than  the  others,  to  facili- 
tate counting,  and  each  notch  corresponds  to  one  turn  of  the 
milled  head ;  so  that  the  number  of  turns  can  be  read  oft'  in 
the  field  of  the  instrument^  and  the  fraction  of  a  turn  on  the 
divided  head. 

Thus,  by  this  simple  contrivance,  the  distance  of  the  wires 
can  be  ascertained  to  the  hundredth  of  the  turn  of  the  screw; 
and,  as  it  has  been  stated  that  the  screw  has  a  hundred 
threads  to  the  inch,  it  follows  that  the  magnified  image  of  an 
object  may  be  measured  to  the  ten-thousandth  of  an  inch ; 
but,  with  an  object-glass  of  oue-eighth  of  an  incli  focus,  the 
image  will  at  least  be  magnified  eighty  times,  without  tlie 
power  of  the  eye-piece;  it  ibllows,  therefore,  that  a  quantity 
as  small  as  the  eight-hundred-tliousandth  of  an  inch  s-hoidd  be 
appreciable  by  such  an  instnunent ;  but  in  practice  this  has 
been  found  impossible,  as  no  achromatic  power  has  yet  been 
made^  capable  of  separating  lines  that  are  closer  together  than 
the  one-huDdred-thoui?andth  of  an  inch.  This  micrometer, 
when  well  made,  is  rather  expensive,  and  requires  some  con- 
siderable care  in  using;  and  as  its  accuracy  depends  entirely 
on  that  of  the  glass  micrometer  used  in  finding  the  value  of  its 
divisions,  the  measurements  mode  by  it  are  by  no  means  so 
delicate  as  they  appear  to  be. 
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ON  THB  MBASUBEMENT  OF  MICROSCOPIC  OBJECTS. 

First — Mltk  the  stage  Micrometer, — To  effect  this  it  is 
neoesaary  to  be  provided  with  a  atrip  of  glass*  motiier-of- 
pearl,  or  ivory,  on  which  lines  are  accurately  ruled  at  a 
certiun  fraetioa  of  an  inch  upail,  &ay  from  the  -^  J^  to  tixe 
TisV^  of  an  inch,  as  was  done  by  the  late  Jlr.  Coventry  and 
Sir  tTohn  Barton.  The  most  convenient  form  of  micronietcr, 
for  all  purposes,  will  be  one  di^  ided  into  Inmdreds,  and  one  of 
tliese  divisions  into  ten  parts,  or  thousands;  every  fifth  line 
should  be  drawn  longer,  and  cvcrj^  tenth  still  longer  than  the 
others,  in  order  that  the  nuuiber  of  the  lines  may  be  the  more 
easily  read  off*  Those  of  glass  arc  the  beet  for  transparent 
objects,  and  the  mother-of-pearl,  or  ivory,  for  oimques ;  sinil, 
to  make  the  lines  more  evident^  finely  levigated  blacklead 
should  be  rubbed  in  to  fill  them  np.  The  euhject  to  be 
measured  is  to  be  hud  on  the  glass,  or  mother-of-pearl,  and 
botli  it  and  the  lines  miu^t  be  viewed  at  one  and  the  same 
time,  with  the  lowest  power  that  ran  conveniently  be  used; 
the  number  of  the  divisions  occupjcd  by  the  object  will  give 
the  measurement  ref|iurcd.  Exampk: — Thus,  suppose  an 
object  oecupitd  ten  of  the  large  divisions,  its  linear  measure- 
ment would  then  he  ^ff^,^  which,  if  reduced  to  its  lowest 
terms,  would  be  the  |\-,  of  an  inch ;  if  fifty,  then  it  wouhi 
measure  hjJf  an  inch;  iffiftc-en  divisions,  then  it  would  be 
'jij^,  or  nearly  -I  of  an  inch.  It  follows,  tlierefore,  that 
an  object  to  be  measured  in  this  way  must  be  ver>^  thin 
and  the  jxiwer  low,  in  order  that  it  and  the  lines  may  be  in 
fm*us  at  the  same  time.  This  micrometer  answers  better  for 
the  simple  microscape  than  lor  the  comjxmntl  achromatic 
instrument,  as  in  the  latter  the  focus  even  of  a  low  power 
object-glass  is  so  exact*  that  but  very  few  objects  are  so  thin 
as  to  be  seen  at  the  same  time  as  the  lines*  Most  of  the 
objects  requiring  mcasiu^ement  are  those  which  must  of 
necessity  be  examined  in  fluid;  this  will  render  the  lines 
on  the  glass  nticrometer  all  but  invisible,  unless  they  are 
very    l>nklly   ruled  iuid  filled  up   with  Home   opaque  matter. 
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Mr.  P*ritehard  euppliee  with  his  microscopes  animalcule  cages, 
on  the  upper  surface  ot'  the  bottom  glass  of  which,  lines  are 
ruled  from  the  jjjj  to  tlie  j^J^  of  an  inch  apart;  these  can 
hardly  be  seen  when  the  fluid  containing  animalcules  is 
present,  although  they  are  very  coarsely  ruled;  and,  with 
objects  of  any  thickness,  all  measurements  are  incorrect,  in 
consequence  of  the  rays  of  light  from  the  object  and  the 
micrometer  not  being  given  off  at  tlie  same  angle;  so  that 
the  object  is  referred  to  a  point  of  the  micrometer  larger  than 
it  really  is. 

Second, — Bt/  the  Micrometer  Eye-piece, — In  the  description 
of  this  instrument,  given  previously  in  pp*  1 92-3,  it  was  stated 
to  consist  of  a  positive  or  negative  eye-piece  in  the  focus  of 
the  eyeglass,  of  which  a  piece  of  glass,  having  short  bold 
lines  ruled  upon  its  upper  surface,  was  placed  generally  ^^ 
of  an  inch  apart,  with  eveiy  fifth  longer,  and  every  tenth 
longer  still,  to  fticilitate  counting ;  but  it  is  not  necessary 
that  the  number  of  liues  in  an  inch  be  known,  as  long  as 
they  are  equidistant ;  and  let  us  take,  in  the  first  place,  the 
negative  eye-piece,  as  supplied  with  ilr.  PowcU  or  Mr, 
Smlth*8  microscopes. 

Ta  Jind  the  Value  of  the  Lines  in  the  Negative  Etfe^piect 
Micrometer. — The  micrometer  set  in  its  brass  frame,  as  seen 
in  fig.  125,  is  passed  so  far  tlu*Dugh  the  slits  in  the  eye-piece, 
as  that  the  lines  may  be  seen  to  occupy  the  centre  of  the  field 
of  view,  and  to  be  in  the  focus  c>f  the  eye-glass.  The  eye- 
piece having  been  placed  in  the  end  of  the  compound  body, 
as  far  as  it  will  go,  the  next  step  is  to  determine  the  value  of 
the  divisions  of  this  eye-piece  micrometer  with  each  of  the 
objcct-gkasea  This  is  done  by  laying  on  the  stage  of  the 
microscope  a  glass  micrometer,  di\^ded,  say  into  ^J^  and  yinnr 
of  an  inch,  and  the  lowest  object-glass  being  screwed  to  the 
compound  body,  the  lines  on  the  stage  micrometer  are  to  be 
brought  into  focus;  and  either  the  eye^piece  or  the  stage 
micrometer  ha\ing  been  so  turned  as  to  bring  the  lines  in 
both  micrometers  piiniUel,  we  must  then  observe  how  far  the 
lines  in  each  coincide,  whether  every  third,  fourth,  fifth,  and 
so  on ;  and,  for  the  sake  of  simplicity,  let  us  suppose  the  one- 
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inch  object-glass  to  be  employed,  and  it  having  been  noticed 
that  every  division  of  a  hundredth  of  an  inch  in  the  atagc 
miiTometer  coineidei  with  ten  in  that  of  the  eye-piece,  it 
flJlow8  that  the  div^aions  or  lints,  in  the  eye-piece  micro- 
meter, were  j^^  of  an  inch  apart ;  the  stage  micrometer  may 
now  be  removed,  and  every  object  viewed  with  tlie  micro- 
meter eye-piece  and  the  one-inch  ubject-glass  can  he  measure*! 
to  tlie  xo'ff^  of  an  inch.  Should,  therefore,  one  of  the  -^Vuij  ^^ 
the  eye-piece  micrometer  be  divided  into  four  parts,  then  every 
one  of  these  ch visions  woultl  be  the  xd\ju*  Again,  if  with  an- 
other power  it  was  found  that  tVh*)  ^^  ^'^  ^^^^  ^^  ^^^  stage 
micrometer  coincided  w^ith  ten  of  the  spaces  on  the  eye-piece 
micrometer,  then  tlic  value  of  each  of  the  eye-piece 
micrometer  divisions  would  be  the  Tij.iTnF  ^^  ^^  ^"^'*"  ^^ 
will  be  found  in  practice,  when  Iiigh  nund^ers  are  being 
observed,  that  the  stage  movements  are  rather  too  coarse 
to  bring  the  lines  in  the  tw^o  micrometers  accurately  over 
each  other;  the  small  screw  at  the  en  J  of  the  brass,  as  shown 
in  fig.  12o,  must  then  be  employcth  We  have  hitherto 
spoken  only  of  the  numbers  in  the  eye-piece  micrometer 
coming  out  even,  Imt  such  is  rarely  the  case;  the  chances 
are,  that  there  will  be  a  very  minute  variation  between  any 
two  or  more  of  both  sets  of  lines.  If  it  be  not  a  matter  of 
much  moment  to  determine  the  value  of  the  divisions  accu- 
rately, and  if  no  two  lines  coincide,  the  mean  of  a  number 
of  observations  may  be  taken  as  an  a[»proximation  to  the 
truth:  but  by  far  the  most  desirable  way  to  remedy  the  evil 
is  to  employ  the  draw-tube,  before  described  at  page  69; 
this,  which  must  be  graduated  on  one  side,  as  shown  in  fig.  42, 
into  inches  and  tenths,  having  been  pulled  out  or  pushed  in, 
will  be  certain  of  making  some  of  the  lines  in  each  micrometer 
agree. 

The  value  of  the  divisions  in  the  eye-piece  micrometer 
should  be  found  with  all  the  object-glasses,  and  be  put 
down  in  a  tabular  form,  as  follows;  and,  if  the  instru- 
ment be  provided  with  a  draw-tube,  the  table  should 
include  the   extent    to    which   it   ought   to   be   drawn    f>ut. 


204) 


USE  OF  THE  311CROSCOPE. 


in  order    to   make   the   value   of   the   micrometer   diridionii 
even  numbers : — 


Object-glass. 

Draw-tube. 

Value  of  small  divi- 

sioDs  in  parts  of 

an  iiich. 

1  inch. 

i      n               1 

1  ^Q  inch. 

close. 
1  ^  inch. 

1,000  of  an  inch. 

2,500 

5,000         „ 

10,000 

It  ehoukl  be  borne  in  mind  that,  when  it  is  required  to 
ascertain  the  value  of  the  diviisions  in  the  eye-piece  micro- 
meter \idth  the  highest  powers,  the  division  into  hundreds 
will  occupy  too  much  of  the  field  of  view,  eome  smaller  parts 
of  an  iDch,  aueh  as  the  two-hundredth  or  five-hundredth» 
ehould  then  be  used,  and  the  number  of  the  divisions  corre- 
sponding  to  that  quantity  be  aiultiplied  by  two  hundred  or 
five  hundred,  aj?  the  case  may  be. 

To  Jiiul  the  Value  vf  the  Divmons  in  the  Pmitwe  Et/e~piece 
Micrifmeter. — This  instnmient,  before  described  at  page  192,  is 
used  in  the  same  manner  as  the  above-mentioned,  Mr,  Rose, 
who  always  adopts  this  form  in  preference  to  the  negative,  doee 
not  employ  the  dmw-tube  with  his  microscopes.  The  micro- 
meters, as  shown  in  fig.  124,  are  ruled  in  squarea,  and  one  or 
more  of  them,  of  difierent  degrees  of  minuteness  in  their 
ruling,  may  be  employed;  but  it  has  been  found  in  practice  that 
divisions  ruled  about  -j^J^  of  an  inch  apart  will  suit  nearly  all 
the  powers.  The  method  of  finding  the  value  of  the  divi* 
eions,  with  each  of  tlie  olyeet-glasses,  is  perfonned  by  meanfl 
of  a  stage  micrometer,  in  the  manner  previously  described. 
Tlie  positive  eye-piece  gives  a  much  better  Wew  of  the  micro- 
meter than  the  negative  one;  but  the  definition  of  an  object  to 
be  measured  is  not  quite  so  goocL  Mr*  Iloas  generally  rulea 
liis  micrometers  in  squares;  but  Mr,  Jackson  prefers  lines,  on 
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account  of  the  greater  tacility  iifibrded  for  counting*  As  with 
tlie  negative  eye-piece  microoieter,  so  vnth  this,  it  becouies 
necessary  to  put  down  in  a  tabular  form  the  value  of  each  of 
the  eidea  of  the  s?qnares,  with  the  different  objecti^.  The  plan 
adopted  by  Mr.  Boss  is  here  shown.  The  upper  line  indi- 
cating the  value  of  the  divisions  in  fractions  of  an  inch,  tlic 
lower  line  the  same  value  in  a  decimal  notation. 


Value  of  each 

ppiico  in  tfie 

MicromettT  Eje 

GJasn,  with  the 

various    Object 

Glasses. 

2-m. 

1-iii. 

i-in. 

l-in. 

k'ln. 

■0025 

VTzr 
•001031 

•000526 

•0002325 

70  W 

•00011 11 

f 

Tojind  the  Vuhte  of  each  Mevohitioji  of  the  Sereit?^  or  parts 
of  a  Rrvoltitkm  qf  the  same,  in  the  Cobiteh  Micrometer, — When 
about  to  be  used,  the  cylindrical  portion  containing  the  eye 
and  field  lens  ia  to  be  placed  in  the  end  of  the  compoimd 
htxiy,  in  the  same  loaunor  as  an  ordinary  eye-piece,  and  a 
micrometer  dhided  into  hundretk  and  thousands,  as  employed 
witJi  the  other  instruments,  being  placed  on  the  stage,  and 
its  lines  biTJught  into  the  focus  of  the  object-glass.  The 
graduated  head  of  the  micrometer  being  set  at  zero,  and  the 
cobwebs  exactly  coinciding  with  each  other,  the  milled  head 
is  now  to  be  turned,  and  notice  taken,  how  many  revolutions, 
or  parts  of  a  revolution^  are  made  before  the  cobwebs  are 
oi>ened  sufficiently  wide,  so  as  to  cover  a  certain  number  of 
the  divisions  of  the  image  of  the  stage  micrometer.  It  having 
been  previously  stated,  that  the  screw  employed  to  separate  the 
cobwebs  is  provided  with  a  hundred  tlireads  in  an  inch,  and 
that  the  gra(hiatcd  circle  in  connexion  with  it  is  divided  into 
a  Iiundred  parts,  shoidd  it,  therefore,  be  found  that  five  revo- 
lutions of  the  screw  cause  the  cobwebs  to  open,  t?o  as  to  cover 
ten  divisions  in  that  part  of  the  stsigo  micrometer  tlivide<l  into 
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thousandd,  it  foUows  that  one  revolution  of  the  screw  would 
be  equal  to  the  y^  of  an  inch,  and  one  division  of  the 

graduated  head  would  be  -f/^^  of  y^^  or  ^ts^W?  ^^  *^  inch. 
The  comb  at  the  bottom  of  the  field  of  ^lew,  as  shown  by 
fig,  129,  will  indicate  the  number  of  the  revolutions,  as  the 
teeth  commence  from  the  fixed  cobweb.  In  those  micro- 
scopes provided  with  a  draw-tube,  the  divisions  may  always 
be  brought  out  even  nimibers ;  but  such  will  not  be  the  ease 
with  all  the  object-glasses  in  a  microscope  not  so  provided, 
and  the  determination  of  the  value  of  each  revolution  will  then 
become  a  rather  more  complicated  matter,  as  will  presently 
be  shown.  The  value  of  each  revolution  of  the  screw,  with  the 
different  object-glasses,  should  be  set  down  in  a  tabular  form, 
as  was  shown  in  the  case  of  the  eye-piece  micrometers. 

Directions  for  the  Use  of  the  Kife-pieve  Mivrometer. — If  there 
be  a  draw-tube  to  the  compound  body,  it  shoiUd  be  adjusted 
according  to  the  table  shown  at  page  200,  the  object  having 
been  brought  into  the  centre  of  the  field,  and  the  niicrometer 
properly  adjusted,  so  that  the  horizontal  line  be  in  the  direc- 
tion of  the  diameter  to  be  measured.  Read  the  measiu'ement 
in  tlie  small  divisions,  and  suppose  tluit,  with  the  halt-inch  object- 
glass,  an  object  occupies  seventeen  of  these;  and  it  having  been 
shown  by  the  table  at  page  2CK),  that  the  value  of  each  division 
of  the  eye-piece  micrometer,  with  the  half-inch  object-glass,  wnfi 
the  ^t'o^  of  an  inch,  tliis  number  must,  therefore,  be  divided 
by  seventeen,  and  the  result  will  be  the  -j^^^  of  an  inch,  or  the 
diameter  required  to  be  found ;  or,  should  it  be  preferred  to 
set  down  the  diameter  in  decimals,  then*  by  adding  ciphers  to 
the  seventeen,  and  making  it  the  dividend,  and  2,500  the 
divisor,  it  nmy  be  shown  that  the  diameter  is  ,0068.  The 
jKisitive  eye-piece  micrometer  supplied  bv  Mr.  Ross  is  used 
precisely  in  the  siune  way  as  the  above-mentioned  instrument; 
but,  there  being  no  draw-tube,  the  value  of  the  numbers  of 
the  glass  micrometer  cannot  be  altered  in  \u\y  way  from  those 
mentioned  in  the  table;  the  squares  must  be  counted  as  the 
straight  lines  are  in  Mr,  Jackson's  forra,  and  tlie  dimensions 
of  any  object  ascertained  precisely  in  the  same   manner  fui 
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before  described, — viz.,  by  dividing  tlie  value  of  each  square, 
u  given  in  the  table,  by  the  number  of  squares  occupied 
by  the  object ;  or,  if  the  decimal  notation  be  preferred,  by 
addinjT  ciphers  to  tlic  niunber  of  the  squaresi,  and  dividing 
it  by  the  value  of  one  square,  and  the  quotient  will  be  the 
dimensions  required 

To  Um  the  Cobweb  Mieraineter, — Before  an  object  is  mea- 
sured, it  must  be  brought  to  the  middle  of  the  field ;  and, 
after  the  table  has  been  consulted,  which  shows  the  value  of 
each  revolution  of  the  screw,  and  of  each  division  of  the 
wheel  affixetl  to  it,  tlie  cobwebs  must  be  examined,  in  order 
to  see  whether  they  both  accurately  coincide  when  the  zero 
point  of  the  graduated  wheel  is  opposite  the  index.  The 
screw  being  now  turned,  until  the  inuige  of  the  object  is,  as  it 
were,  enclosed  between  tlie  cobwebs,  the  number  of  turns 
and  parts  of  a  turn  are  both  shown  by  the  indices;  tlic 
former  by  the  comb  at  the  lower  part  of  the  field  of  ^lew, 
the  latter  by  the  division  opi>osite  to  which  the  index  points. 
It  must,  however,  be  borne  in  mind,  that  both  with  this 
micrometer  and  with  those  of  the  eye-piece  fonn,  several 
measurements  of  the  same  object  ought  to  be  made ;  and  if 
there  should  be  any  difference  between  tliem,  the  mean  of  the 
two  extremes  shoidd  l>e  taken  as  the  correct  one.  The  mea- 
surements made  with  the  cobweb  micrometer  are  said  to 
exceed  those  of  all  the  other  forms  of  instruments ;  and  that, 
with  an  object-glass  of  one-eighth  of  an  inch  focus,  even  a 
quantity  bb  small  m  the  cight-hundred-thousandth  of  an  inch 
can  be  appreciated.  Tliis  is,  at  least,  ten  times  as  delicate  as 
is  required ;  for  Mr.  Ross,  in  his  experiments,  pre luni nary  to 
the  constructing  of  liis  beautiful  dividing-engine,  found  that, 
with  the  highest  magnifying  powers,  it  was  imjKi^sible  to 
ascertain  the  position  of  a  line  nearer  than  to  the  eighty-thou- 
landtJi  of  an  inch. 

Measurements  of  an  Object  made  by  meamf  of  a  Staff e  Micro^ 
meter  and  a  Camera  Lucida* — For  this  very  valuable  plan,  we 
arc  indebted  to  Mr,  Lister.  By  means  of  the  camera  lucida, 
a  sketch  of  the  object  is  first  made  ;  the  microscope  being 
fixed  in  the  horizontal   position,  the  object  is  then  removed. 
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and  a  stage  micrometer  placed  in  the  Ibeus  of  the  objeot-glaas 
instead  j  a  aketcli  of  its  divisions  is  also  to  be  matle  on  the 
pamc  paper  qa  the  object  itself  was  sketehed  an,  and  all  the 
optical  arrangements  of  the  mieroscojye  unaltered.  The  object, 
therefore,  and  the  micrometer  being  both  magnified  to  the 
same  extent,  their  images  will  consequently  bear  the  same 
relation  to  each  other  n&  the  bodies  themselves.  The 
method  of  eftccting  this  operation  is  exliiliitcd  by  the  fol- 
lowing figure: — In  fig.  130  is  shown  how  the  rays  of  light 
coming  irom  the  eye-piece,  or  from  any  tlistaut  object,  are 
refiected  by  the  prism,  in  such  a  manner  as  to  enter  the  eye, 
at  right  angles  to  their  original 
direction;  and  as  the  image  of 
an  object  is  always  referred  by 
the  eye  to  a  situation  in  the  f 
same  direction  as  that  from  A 
which  the  rays  entering  the 
eye  proceed^  the  magnified 
image  of  the  object  will  be 
geen  on  a  paper  laid  on  a  table 
beneath  the  camera,  and  can 
there  lie  rea*llly  sketched.  Sup- 
posing, in  the  present  case,  that  i  //JBffTm  i 
the  objects  under  examination 
be  granules  of  starch,  or  even  ^^'  ^^^' 
blood  discs,  these  can  easily  be  sketched  in  outline ;  when* 
therefore,  the  micrometer  is  substituted  for  the  starch,  its  divi- 
sions or  squares  can  be  drawn  over  the  starch  granules,  as 
sliown  by  figs.  131  and  132,  the  former  being  squares  of  j^J^  of 
an  inch,  the  latter  -jj^^^  ;  and,  as  the  value  of  the  squares^,  or 
divisions  of  tlie  micrometer,  is  known,  the  objects  over  which 
tlie  line  are  di-awn  can  also  be  readily  a5<;ertained  by  the 
application  of  a  pair  of  compasses ;  and,  if  necessary,  the 
squares,  as  shown  in  figs.  131  and  132,  can  Ije  further  sub- 
divided into  four,  so  that  the  diameter  of  an  object  can  be 
measured  even  to  the  fourth  part  of  the  quantity  given  by 
the  lines  on  the  mici-omcter.  The  whole  field  of  view  need 
not  be  covered  with  lines*  as  shown  bv  the  figures:  but  a 
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single  square,  or  even  the  exact  diBtancc  of  any  two  or  more 


■^-  ^t'  **^Bsy—  —  ^ 


Fig.  131 


Fig.  132. 


of  the  lines  of  the  micrometer,  together  with  a  pair  of  com- 
passes, will  be  all  that  is  required.     It  must,  however,  be 

borne  in  mind,  that  when  the  size  of  an  object  is  ascertained 
by  the  above  methml,  the  distance  between  the  camera 
and  the  table  must  be  always  the  same  j  if  the  end  of  tlic 
compound  body  carrying  the  cimaem  were  ever  so  slightly 
raised  or  depressed,  there  would  be  either  an  increase  or 
diminution  ol'  the  value  of  the  squares  of  the  micrometer. 


CHAPTER    IV. 

ON  THE  METHODS   OF    OBTAINING  THE  MAGNIFYING   POWER 
OF  SINGLE  AND  COMPOUND  MICKOSCOPES. 

The  methoti  of  estimating  the  niagnifying  power,  either  of 
-ample  or  compound  lenses,  is  to  compare  an  object  of  known 
ze,  such  as  a  micrometer,  seen  through  them  with  tlie 
est  distance  that  another  object,  also  of  known  size,  CAn 
be  ffietinctly  seen  ;  this  latter  distance  is  termed  tiie  standard 
of  distinct  vision,  and  with  it  all  the  magnifying  powers  must 
be  compared.  All  opticians  of  the  present  day  adopt  ten 
inches  as  a  standard.     Sir  David  Brewster  adopts  five  inches, 
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in  the  old  optical  works,  eight  inches  was  generally  em- 
ployed as  the  standard;  but,  the  number  ten  being  a  decimal, 
will  be  found  most  suitable  for  all  purposes.  With  this 
decimal  etandard,  the  magnifying  power  of  lenses,  of  any 
focal  length,  can  be  readily  determined*  Thus,  for  instance-, 
if  the  lens  under  examination  be  of  one  inch  focus,  we  have 
merely  to  add  a  cipher  to  the  denominator  of  the  fraction, 
which  expresses  the  focal  length  of  the  lens,  and  the  result 
will  be  the  magnifying  power.  Thus,  if  the  lens  be  half  an 
inch  in  focal  length,  the  magnifying  power  will  be  twenty 
diameters^  if  one  quarter,  then  forty  diameters;  and  if  one 
inch,  then  ten  diameters,  and  so  on.  When,  however,  the 
focal  length  of  a  lens  is  very  small,  it  becomes  a  difficult 
task  to  measure  accurately  its  distance  of  focus.  In  such 
cases,  says  jVIt.  Ross,*  "the  best  plan  to  obtain  the  focal 
length  for  paraHel,  or  nearly  patniUel,  my  Ay  is  to  view  the  image 
of  some  distant  object,  foraied  by  the  lens  in  question,  through 
another  lens  of  one  inch  solar  focal  length,  keeping  both  eyes 
open,  and  comparing  the  image  presented  through  the  two 
lenses  with  that  of  the  naked  eye.  The  j>rojJortion  between 
the  two  images  so  seen  will  be  the  focal  length  required. 
Thus,  if  the  image  seen  by  the  naked  eye  is  ten  times  as 
large  as  that  shown  by  the  lenses,  the  focal  length  of  the  lens 
in  question  is  one-tenth  of  an  inch.  The  panes  of  glass  in  a 
window,  or  courses  of  bricks  in  a  wall,  are  convenient  objects 
for  this  purpose.  In  wliich  ever  way  the  focal  length  of  tlie 
lens  is  ascertained,  the  rules  given  for  deducing  its  magnifying 
power  are  not  rigorously  correct,  though  they  are  sufficiently 
80  for  all  practical  purposes,  particularly  as  the  whole  rests  on 
an  assumption,  in  regard  to  the  focal  length  of  the  eye,  and 
as  it  does  not  in  any  way  affect  the  actual  measurement  of  the 
object'' 

In  the  preceding  account,  we  have  estimated  the  magni* 
fying  power  in  diameters,  or  according  to  the  measure  termed 
linear;  but  as  every  object  is  magnitied  in  breadth  as  well 
as  in  length,  it  follows  that,  if  it  were  drawn  as  broad  as  it 
is  long,  a  very  different  idea  of  its  measure  would  result : — 
•  Article  "  Microscope,"  Penn^  CycloptBdia, 
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thuSj  suppose  a,   in   fig.   VSS,  to   represent  an  object  of  ita 
natumi  size,  and  tlmt  it  be  required  to 

2  represent  the  saoie  when  magnified  foiir 
times  in  length  and  four  times  In  breadth, 
the  square  b  c  d  e  will  give  encli  view;  and 
if  tliia  be  compared  with  the  original  ob- 
ject a,  it  will  be  seen  that  there  are  sixteen 
such  squares  contained  in  it.  This  mea- 
surement, which  is  rarely  used,  except  to 

'  astonisli  the  public,  is  called  the  super* 
Jicial   m«»gnifying  power,  and  is  always 


Fig.  ISS. 


found  by  squaring  the  linear,  or,  in  other  words,  by  mul- 
tiplying the  line-ar  by  itself.  The  magnifying  power  of 
single  lenses,  like  the  value  of  the  divisions  in  the  different 
kinds  of  micrometer,  may  be  set  down  in  a  tabular  fornix, 
thua:— 


Focal  lengths   < 

Linear 

Superficial 

in  inches. 

Magnifying  Power. 

Magniljiog  Power, 

5 

25 

U 

6.6 

43.5 

10 

100 

13.3 

176.8 

20 

400 

40 

1600 

80 

6400 

Ti 

100 

10000 

To  BBcertain  the  magnifying  power  of  the  compound  mier<^ 
acope,  the  method  employed  is  the  same  as  that  proposed  by 
Hooke,  in  his  Mlcro^raphia^  as  long  ago  as  1667,  and  before 
described  at  page  4,  it  is  thus  accomplbhed  i — Place  on  the 
Bt^e  of  the  microscope  a  micrometer  either  of  gla^i^,  ivory,  or 
mother-of-pcai"l,  dirided  to  some  fraction  of  an  inch  (tW  wiU 
answer  the  pui-pose  for  all  the  lower  powers),  and,  at  ten  inches 
distant  from  the  eye,  hold  a  nde,  divided  into  tenths  of  an  inch, 
In  a  line  parallel  with  the  micrometer ;  a  magnifier  and  eye- 
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piQCG  being  adapted  to  the  compound  body^  the  lines  on  the 
stage  imerometer  are  to  be  brought  into  tbcus ;  il*  now  the 
eye  not  employed  in  looking  thi'ongh  the  eye-piece  be  cast, 
as  it  were,  down  on  tlie  rule,  tlie  aiicrometer  di^'isions,  and 
tliose  on  the  rule,  will  be  seen  at  one  and  the  same  time ; 
and,  after  a  little  practice,  it  will  be  found  a  very  ea^y  matter 
to  count  how  many  divisions  of  the  rule  are  covered  by  two 
or  more  of  the  micrometer.  ThuSy  for  example,  suppose  that 
each  division  of  -^ J,^  of  an  inch  occupies  just  one  inch  of 
the  rule,  the  magnifying  power  will  then  be  one  hundred 
times,  as  j^^  of  an  inch  is  made  as  lai^  as  one  inch ;  if  the 
sajuc  div-isions,  either  with  another  object-glass  or  eye-piece, 
correspond  to  one-and-a-half  inch  of  the  rule,  then  tlie  power 
will  be  one  hundred  and  fifty  diameters;  should,  however, 
the  divisions  of  the  micrometer  not  correspond  with  even 
divisions  on  the  nde,  the  magnliylng  fjower  will  not  come 
out  a  whole  number,  and  we  must  then  set  it  down  as  such, 
or,  if  a  draw-tube  is  present,  then  the  nimiber  can  easily 
be  made  even ;  tlms,  suppose  that  the  j-^  of  an  inch  of  the 
micrometer  coincides  with  nine-tcntha-and-a-ludf  uf  the  nde, 
tlie  magnifying  power  then  will  be  ninety-five  diametci*s;  if 
nine-tenths  and  tlu'ee- quarters  of  a  tenth,  then  the  power  will 
be  in  fractions  97i,  or  in  decimals  97.5.  The  magnifying 
powers  of  the  different  object-glasses,  with  each  of  the  eye- 
pieces,  should,  also,  for  convenience  of  reierencc,  be  set  down 
in  a  tabular  form.  Mr,  Ross  supplies  with  his  microscopes 
a  table  of  the  following  construction,  but  having  appended  to 


Magniljing  Power  of  the  Obiect-glndsei  with  the  various 

Eye-glaases. 

OBJECT-OLASgES. 

Eye-gla«9es. 

2  In. 

.In. 

1  In. 

ila. 

1  In. 

A  In. 

A 
B 
C 

20 
30 
40 

60 

80 

100 

100 

1.30 
180 

220 
350 
500 

420 
670 
900 

600 
870 

1400 
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it,  that  described  at  page  201,  witli  the  value  of  the  divisions 
of  the  eye-piece  mierometer  with  each  of  the  object-glasses. 
For  the  use  of  those  who  have  draw-tube?  applied  to  their 
microscopes,  another  e^ihinm  might  be  added  to  denote  the 
distances  it  mujst  be  dniwii  out,  in  order  that  the  value  of  the 
iBicTometer  diriaions  and  the  magnifying  power  may  be  set 
down  in  even  numbers. 

Several  other  methods,  besides  ttiose  now  described,  have 
been  from  time  to  time  adopted  to  ascertain  the  magnifying 
power  of  the  compound  mieroscope  ;  but  as  none  are  so  accurate 
as  that  of  Hooke,  it  has  been  thought  unnecessary  to  describe 
them.  The  value  of  the  divisions  in  the  micrometer  scale 
and  the  magnifying  powers  of  tlie  difierent  object-glasses  are-, 
in  most  cases,  supplied  by  the  maker  of  the  instrument — they 
should  bo  always  so ;  but  for  those  who  are  anxious  to  work 
the  subjects  out  for  themselves,  it  is  hoped  that  the  preceding 
methods  wdl  not  be  deemed  out  of  pluce. 

The  late  Mr.  Coventiy  and  Sir  John  Barton  were  cele* 
brated  for  nding  micrometers  of  extreme  delicacy,  mime  of 
these,  stiU  extant,  have  tis  many  as  ten  thousand  lines  in  an 
inch ;  IVIr.  George  Jackson,  a  gentleman  whose  name  has  been 
so  frequently  mentioned  in  connection  with  the  improvements 
in  the  mechanical  arrangements  of  the  microscope,  has  also 
paid  considerable  attention  to  this  subject,  and  has  succeeded 
in  nding  ten  thousand  lines  in  an  inch,  and  in  crossing  these 
at  right  angles  with  others  precisely  the  same  distance  apart, 
so  that  a  series  of  squares  are  formed,  each  having  a  super- 
ficial area  of  the  one  hundred  millionth  of  an  inch.  These 
are  very  remarkable  as  specimens  of  skill,  but  are  far  tm> 
minute  for  all  practical  purposes. 

In  England,  mieroscopists  are  in  the  habit  of  setting  down 
the  measurements  made  by  micrometers  either  in  inches,  or 
in  fractional  or  decimal  j^wxrts  of  an  inch  ;  hut  in  France,  and 
some  other  parts  of  the  continent,  either  a  line  or  millimetre, 
and  fractional  divisions  of  the  same,  are  employed  for  a  like 
pui^>ose.  For  the  convenience  of  those  wlio  may  wish  to 
compare  foreign  measures  of  lengdi  with  our  own,  the  follow- 
ing fables  have  been  drawn  up,  together  with  directions  for 
14 
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conYerting  either  English  inches,  or  parts  of  an  inch^  iotxi 
linea  or  millimetree,  or  these  last  into  English  measures. 

Parts  of  an  English  Inch, 

A  Piiria  line  =    .088815  or  ^  of  an  English  inch. 

A  metre         =  39.37100  inclie«  EDglish,  or  3*281  feet* 

A  centimetre^      ,3l>371       ^      or  a  little  more  than  ^  of  an  indu 

A  millimetre  ^^    .039371      „      or  a  little  more  than  ,t  of  an  inch. 

To  convert  Paris  Lines  into  English  Measure. 

Multiply  the  nnmcrator  of  the  fraction  ^»^,  by  the  nuinber 
of  Paris  lines  stated^  or  divide  the  denominator  of  the  fraction 
by  the  same  nuraber,  or  multiply  the  number  .088815  by  the 
nimiber  of  lines  and  parts  of  the  same. 

To  convert  Millimetres  into  English  Mecimre, 

MiJtiply  the  number  ,039371  by  the  number  of  millinietrea 
and  parts  of  tlie  mmCj  the  quotient  will  be  the  cquiviilent 
measure  in  decimal  parts  of  the  English  inch. 

The  line  is  often  made  use  of  in  scientific  works  in  thU 
country ;  but  as  no  two  persons  are  agreed  as  to  whether  its 
value  is  the  one-tenth  or  one-twelfth  of  an  inch,  it  follows 
that,  in  all  measures  in  which  it  is  employetl,  the  value 
attached  to  it  ehoidd  be  stated ;  if  the  Paris  line  is  the  one 
adopted,  neither  the  one-tenth  or  one-twelth  of  an  inch  is  ita 
correct  value,  although  the  latter  number  comes  nearest  the 
tnith. 


CHAPTER  V. 

CAMERA  LUCIOA. 

The  camera  hicida,  before  deecribed  at  page  128,  was  in- 
vented by  Wollaston  in  18Q7.  It  consists  of  a  four-sided 
prism  of  glass,  as  represented  in  section,  by  fig.  134,  the 
side:3  and  angles  being  similar  t«  those  shown  by  A  B  C  D. 
Tlie  raya  of  light  proceeding  from  an  object  M  N,  after  being 
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reflected  by  the   faces    DC;    C  B   to  the   eye   E  will   be 

referred  by  an  observer  to 
rn  n,  and  an  image  of  the 
object  will  be  there  seen,  if 
n  \mce  of  white  paper  be 
pI;M  ^ «!  for  the  rays  to  be 
j^mijt'i'ted  on.  The  prism  ia 
generally  get  In  a  frame  of 
brass,  in  the  maimer  cxhi- 
Fig.  134.  bited  by  fig.  88,  all  part^  of  it 

being  covered  over  except  the 
side  next  the  eye-piece  and  a  small  portion  of  the  edge  to  which 
the  eye  is  to  be  applied ;  the  irame  is  capable  of  being  adapted 
to  either  of  the  eyc-pieoes  by  a  short  tube.  The  prism  itself 
hm  two  slight  adjustments,  one  to  bring  its  upper  face  hori- 
zontal, and  the  other  to  make  the  image  of  the  object  fall  flat 
on  the  paper  on  which  it  is  to  be  drawn.  A  lens  is  generally 
placed  under  the  camera,  in  order  that  the  rays  of  light  from 
the  pencil  employed  In  sketching  and  the  object  itself  may 
be  seen  under  tlie  same  angle.  Several  contrivances  have 
been  had  recourse  to,  in  order  to  simplify  certain  difficulties 
that  arise  in  the  use  of  this  instrument ;  one  of  these  plans  is 
shewn  in  section  by  fig.  135,  and  consists  of  a  mirror  M, 
comjxjsed  of  a  thin  piece  of  dark  coloured 
glass  cemented  to  a  piece  of  plate  glass,  in- 
clined at  an  angle  of  45*^,  in  front  of  the 
first  lens  of  the  eye-piece  E.  The  light 
escaping  from  tlie  object,  through  the  lens  E, 
is  assisted  in  its  reflection  upwards  to  the 
eye  by  the  dark  glass;  and  this,  says  Mr. 
^^^-^^>^L  Roes,*  "  effects  a  further  useful  puqxjsc  of 
Fig.  135,  rendering  the  [mper  less  brilliant ;  and  thus 

enabling  the  eye  better  to  see  tlie  reflected 
tmage.*^  If  required,  a  double  convex  lens  L  may  be 
placed  beneath  the  mirror,  as  in  the  case  of  the  prism.  The 
polished    steel   disc,   the    invention    of   Sccuimering,   before 

•  Article  **  Microscope/' 
14* 
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described  at   page  129,  may  be  employed  as  a   eubstitute 
for   the  camera,  over  which  it  is  said  to  have  Bome    few^ 

advantages* 

Method  of  lisim/  the  Camera  Ludda  with  the  Microscope* — 
The  first  step  to  be  taken  afler  the  object  about  to  be  drawn 
has  been  properly  illuminated,  adjusted,  and  brought  into  the 
centre  of  the  field  of  view,  is  to  place  the  eornpoimd  body  of 
the  microscope  in  a  horizontal  position,  and  to  fix  it  th<*re. 
The  cap  of  the  eye-piece  having  been  removed,  tlie  cainera  is, 
to  be  slid  on  in  its  stead ;  if  tlie  prism  is  property  adjusted,  a 
circle  of  white  light,  with  the  object  within  it,  will  be  seen  on 
a  piece  of  white  pn[)er  placed  on  the  table  immediately  under 
the  camera,  when  the  eye  of  the  observer  is  placed  over  the 
imoovered  edge  of  the  prism,  and  its  axis  directed  towards 
the  paper  on  the  table.  Should,  however,  the  field  of  view- 
be  only  in  part  illuminated,  the  prism  must  either  be  turned 
round  on  the  eye-pleccj  or  be  revolved  on  its  axis,  by  the 
screws  aflSxed  to  it«  frame  work,  until  the  entire  field  is  illu- 
minated. The  next  step  is  to  procure  a  hard,  slmrp-jxiint^ 
pencil,  which,  in  onler  to  be  well  seen,  may  be  blackened 
with  ink  round  the  point,  the  observer  is  then  to  bring  hid 
eye  so  neai-  the  edge  of  the  prism  that  lie  may  be  able  to  see 
on  the  paper,  at  one  and  the  same  time,  the  pencil  point 
and  the  image  of  the  object ;  when  he  has  accomplished  this, 
the  pencil  may  be  moved  along  the  outline  of  the  image  so  aa 
to  trace  it  on  the  ptipvr;  however  ea^^y  tliis  may  appear  in 
description,  it  will  be  found  very  difficult  in  practice,  and 
the  observer  must  not  be  foiled  in  his  first  attempts,  but  must 
persevere  until  he  acL'ompljshc8  hi^  piu'pose,  Sometimea  he 
will  find  tlmt  be  can  see  the  pencil  point,  and  all  at  once  it 
disappears ;  this  happens  from  the  movement  of  the  axis  of 
the  eye ;  the  plan  then  is  to  keep  the  pencil  upon  the  paper, 
and  to  move  about  the  eye  until  the  pencil  is  again  seen, 
when  the  eye  is  to  be  kept  steadfastly  fixed  in  the  same 
position  until  the  entire  outline  is  traced.  It  will  be  found 
the  best  plan  for  the  beginner  to  employ,  at  first,  an  inch 
object^lass,  and  some  object,  such  as  a  piece  of  moss,  that 


CAMERA  LUC  I  DA. 


213 


has  a  well  defined  outline,  and  to  make  many  tracings,  and 
examine  how  nearly  they  agree  with  each  other,  and,  when 
he  haa  succeeded  to  his  liking,  he  may  then  take  a  more 
coniplietited  subject  If  the  operation  is  conducted  by  lainj)- 
light,  it  will  be  found  very  advantageous  not  to  illuminate 
the  object  too  much,  but  rather  to  illuminate  the  paper  on 
wliich  the  sketch  is  to  be  made,  either  by  means  of  the  lamp 
with  the  condensing  lens,  or  a  small  taper  placed  near  it. 
lf\Tien  tbe  object  is  so  complicated  that  too  much  time  would 
be  required  for  it  to  be  comjvleted  at  one  sitting,  the  paper 
fihould  be  fixed  to  the  table  by  a  weight  or  on  a  board  by 
drawing-pins.  An  ejccellent  plan  to  adopt  is  to  fix  the 
mirroscopc  on  a  piece  of  deal  about  two  feet  in  length  ami 
one  foot  in  breadth,  and  to  pin  the  paper  to  the  same,  there 
will  then  be  no  risk  of  the  sliifting  of  the  paj)cr,  as  when  the 
wood  h  moved,  both  microecopc  and  paper  will  move  with  it. 

In  aU  sketches  made  by  the  camera,  certain  tilings  must 
be  borne  in  mind ;  the  eye,  when  once  applied  to  it, 
should  be  kept  steadily  fixed  in  one  position,  and  if  the 
sketches  are  to  be  reserved  for  comparison  with  others,  tlie 
distance  between  the  pajjcr  and  the  camera  should  be  always 
the  same,  A  short  rule  or  a  piece  of  wood  may  be  placed 
between  tlie  jmper  and  the  under  surface  cither  of  the  com- 
pound bo<ly  or  the  arai  sup|>orting  it,  in  order  to  reguktc  the 
distance,  as  the  size  of  the  dra^^^ng  made  by  the  camera  will 
depend  u{x>n  the  distance  betwt^en  it  and  the  paper.  It  is 
also  very  desirable,  before  the  cam  em  is  removed,  to  make  a 
tracing  in  some  part  of  the  paper  of  two  or  more  of  the 
divisions  of  the  stage  micrometer,  in  ortler  that  they  may  form 
a  guide  to  the  meaBurement  of  all  parts  of  the  object.  Some 
persons  cover  the  whole  of  the  drawing  over  with  squares,  to 
facilitate  not  only  the  measurement,  but  in  oi^der  that  a  larger 
or  smaller  drawing  may  be  made  from  it  tlmu  that  given  by 
the  C4miera.  It  must  be  recollected  that  an  accurate  outline 
is  the  only  thing  the  camera  will  give,  the  finishing  of  the 
picture  will  depend  entirely  upon  the  skill  of  the  artist 
hinjself. 

lJs€ji  to  which  thr  Camera  Lnnda  mm/  fit  applied, — Besides* 
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the  valuable  asaistance  rendered  to  the  dratigbtsman  by  this 
inBtrumcnt^  its  application  to  micrometry  10  abo  of  no  small 
utility ;  the  method  before  described  at  page  203  will  answer 
for  all  purjioses.  If  it  be  required  to  make  a  very  large  but 
accurate  diagram  of  any  microscopic  object,  a  true  outline  of 
it  may  be  drawn  by  foUovvin^  these  directions,  A  large  sheet 
of  paper,  attached  by  pins  to  a  drawing-btiard,  having  been 
laid  on  the  floor,  and  the  microscojK?  placed  horizontally,  \^Hth 
its  comiioimd  body  projecting  as  far  over  the  table  bb  possible, 
and  the  object  and  camera   having   been   properly  adjusted^ 
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a  pencil  faateeed  into  a  long  piece  of  light  but  hollow  caiie 
moist  then  be  provided,  and  the  artist,  either  fitancUng  or 
Bitting,  and  looking  down  through  the  camera,  vnH  see  the  image 
on  the  paper,  and  after  a  little  practice  will  be  able  to  trace 
it«  outline  n&  easily  as  when  the  paper  was  placed  on  the 
table  only  a  few  inches  below  it*  Another  way  of  eflfecting 
the  @ame  end  is  shown  in  fig,  136,  which  is  that  of  placing  the 
tracing  M  N  made  from  the  microscope  by  the  camera  as  an 
object  for  another  camera  C,  of  the  kind  employed  by  artists 
for  making  sketches  of  landscapes,  tliis  being  fastened  to  the 
table  D  by  the  screw  A,  and  the  object  M  N  set  up  in  front  of 
it,  an  accurate  outline  on  a  larger  scale  M'  N'  can  then  be 
nmde  on  the  floor,  as  in  tlie  preceding  method;  the  pencil  P, 
with  a  long  handle  F,  being  held  by  the  hand  H>  the  artist 
standing  either  in  front  or  on  one  side  of  the  camera,  and 
applying  his  eye  to  it  as  at  E.  The  size  of  tlie  picture  will, 
like  all  otliers  made  by  the  camera,  depend  entirely  on  the 
distance  between  it  and  the  paper.  It  will,  however,  be 
found  in  practice,  that  about  four  feet  will  be  the  utmost 
limit  of  the  space  between  C  and  P  to  allow  of  the  pencil 
being  used  with  any  advantage. 
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Origin  of  the  Term. — **  If,"  says  Sir  D.  Brewster,*  "  we  trans- 
mit a  beam  of  sun's  light  through  a  circular  aperture  into  a 
dark  room,  and  if  we  reflect  it  from  any  crystallized  or 
uocrystidlized  body,  or  transmit  it  through  a  thin  plate  of 
cither  of  them,  it  will  be  reflected  and  tiunsmitted  in  tlie  very 
same  maimer,  and  with  the  same  intensity,  whctlier  the  surface 
of  the  body  is  held  above  or  below  the  beam,  or  on  tlie  right 
side  or  left,  or  on  any  other  side  of  it,  provided  that  in  all 
these  casee  it  falls  upon  the  surface  in  the  same  manner,  or, 
•  Treatise  an  Opiks^  page  157. 
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what  amounta  to  the  same  thing,  the  beam  of  eolar  light  haa 
the  same  prciperties  on  all  its  sides,  and  this  is  true  of  light 
emitted  from  candles  or  any  luminous  botiies,  and  all  such 
liglit  18  called  I'mnmoJi  light'"'  But  if  the  same  light  be  allowed 
either  to  fall  upon  a  rhomb  of  leeland  epar,  or  upon  a  plate  of 
glaea  at  tlie  an^le  of  incidence  of  56 °j  as  was  first  discovered 
by  Mains  in  1808,  it  will  become  sepanited  into  two  rays  or 
beams,  each  having  diflerent  properties  on  diiferent  sides; 
that  18,  in  the  case  of  the  glass,  supposing  we  hold  another 
plate  of  glass  over  the  first,,  it  will  be  found  that  the  reflected 
ray  will  pass  through  it  when  held  in  some  positions  and  not 
in  others ;  if  the  glass  be  turned  TOund  a  cpiarter  of  a  circle 
Without  altering  its  angle  to  the  horizon,  the  light  will  be 
reflected  'm.  one  quarter,  transmitted  in  a  second  quarter, 
reflectetl  again  in  t!ie  thlnl,  and  so  on  until  the  circle  is  com- 
pleted, when  it  will  be  again  transmitted  j  diat  is,  a  beam  of 
light  has  acquired  the  property  of  sides,  on  two  of  which  it 
can,  and  two  of  wliieh  it  cannot,  be  reflected ;  and  as  these 
properties  bear  some  analogy  to  the  poles  of  a  magnet,  a  ray 
of  light  60  modified  is  said  to  be  polarized.  In  the  case  of 
the  Iceland  spar,  the  polarization  is  eflected  by  refraction,  but 
in  the  glass  by  reflection-  In  oiilcr  to  explain  the  polariza- 
tion by  reflection  from  glass,  the  apparatus  represented  by 
fig,  137  has  been  contrived ;  it  consists  of  two  tubes  of  wood 


Fig.  I  ST. 

D  C,  having  at  one  end  a  plate  of  glass  A  capable  of  being 
turned  round  an  axis,  so  that  it  may  I'onn  different  angles  with 
the  axis  of  the  tube ;  another  tube,  C  a  Uttle  smaller  than  D, 
carrying  a  ^milar  piece  of  glass  B,  is  made  to  fit  into  it, 
so  that  by  turning  either  of  the  tubes,  the  two  plates  may  be 
placed  in  any  position  in  relation  to  one  another. 
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H  a  beam  of  light  rs  be  allowed  to  fall  upon  A  at  the 
polarizing  angle  of  56^,  h  will  be  reflected  tlirotigh  the  tubea 
and  will  fall  ujKin  the  second  plate  B ;  if  this  plate  be  aUo 
placed  at  tbe  angle  of  56*^,  and  the  tube  to  whieh  it  is  attached 
be  turned  round,  &o  that  when  it  occupies  the  position  repre- 
sented by  tlie  figure,  the  ray  r  s  will  be  reflected  toE;  if  the  tube 
be  again  turned  slowly  round,  the  light  will  be  found  to  pass 
through  the  plate,  when  it  has  amved  at  a  distance  of  ^° 
from  the  starting  point;  if  the  tube  be  turned  Jigain,  the  light 
wtU  get  more  and  more  faint  until  another  90^  are  arrived  at^ 
when  tlie  ray  wnll  undergo  total  reflection,  and  so  will  the 
changes  take  place  every  quadrant  until  the  starting  point  is 
again  reached,  the  ray  rs  being  idternately  reflected  and 
transmitted.  For  the  purpose  of  polarizing  light,  various 
substances  have,  from  time  to  time,  been  employed ;  amongst 
the  most  useful  for  the  microscope  will  be  found  cither  ghi^s, 
blackened  on  one  side,  or  a  bundle  of  thin  glass  plates,  a 
crystal  of  Iceland  spar,  or  a  crj^stalline  mineral  termed  tour- 
maline. It  would  be  foreign  to  our  purpose  here  to  enter 
into  any  of  die  numerous  theories  tliat  have  been  bmached, 
to  account  for  the  above  described  phenomena,  for  these  the 
reader  is  referred  to  tlic  works  that  are  s^tecially  devoted  to 
the  subject ;  but  as  one  of  the  principal  objecta  of  this  treatise 
is  to  teach  those  w  ho  are  uninitiated  in  microscopic  science,  the 
use  of  the  various  kinds  of  apparatus  supplied  ivith  the  best 
achromatic  microscopes,  we  will  only  take  notice  of  those 
polai'izing  instruments  which,  when  applied  to  the  microscoi>e, 
have  been  found  necessary,  in  order  to  aid  the  observer  in  his 
myestigations  into  the  structiu^e  of  organic  and  inorganio 
8ubfitances« 

The  polarizing  apparatus  most  useful  to  the  niicroscopist 
has  been  already  described  at  page  104;  it  consists,  as  showTi 
in  figs.  56  and  57,  of  two  prisms  of  calcareous  spar,  con- 
structed after  the  plan  of  the  late  Mr.  Nicol,  of  Edinburgh, 
who  employed  for  the  purp<isc  a  rhomb  of  the  spar  divided 
into  two  equal  portions,  in  a  plane  passing  through  the  acute 
lateral  angles,  and  nearly  touching  the  obtuse  solid  angles 
The  cut  surfaces  having  been  carefidly  polished  were  then 
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cemented  together  with  Canada  balsam,  so  as  to  form  a  rhomb 
of  nearly  the  same  size  and  shape  as  it  was  before  the  cutting ; 
by  this  arrangement  the  two  raya  into  which  a  beam  of  ordi- 
nary light  passing  through  a  rhomb  of  this  spar  would  be 
separated,  only  one  is  transmitted,  the  otlier  being  rendered 
too  divergent,  hence  it  has  received  the  name  of  the  singk 
image  piistn*  Two  of  these  must  be  provided,  one  to  be 
adapted  to  the  nndcr  sm^ace  of  the  stage,  and  termed  the 
polarijseTf  as  shown  by  fig.  55,  whilst  the  other,  called  the 
aimlyzer^  is  placed  above  the  eye-^lass.  To  effect  the  same 
purpose,  but  not  m  so  good  a  manner^  some  persons  employ  a 
bundle  of  glass  plates  as  a  polarizer,  and  a  tounnaline  as  an 
analyzer ;  but  the  colour  of  the  latter  is  often  objectionable  in 
the  compound  imcroecope,  where  everything  that  will  diminish 
the  brightness  of  the  light  and  brilliancy  of  the  colours  should 
be  avoidei  It  will  be  found  that  a  tourmaline  of  a  neutral 
tint  forms  an  excellent  analyzer,  having  one  great  advantage, 
viz.,  tliat  when  placed  over  the  eye -piece,  the  field  of  view  is  not 
contracted  as  it  is  when  a  Nicors  prism  is  employed.  **  The 
best  tom^maline  to  choose,"  says  Mr.  Woodward,*  "  is  the  one 
that  stops  the  most  light  when  its  axis  is  at  right  angles  to 
that  of  the  polarizer,  and  yet  admits  the  most  when  in  the 
same  plane," 

In  order  to  illustrate  some  of  the  most  striking  phenomena 
in  polarized  light  in  a  very  simple  way,  by  the  achromatic 
compound  microscope,  the  ap|mratu8  consisting  of  two  prisms 
and  a  film  of  selenite,  as  described  at  page  104,  will  be  nearly 
all  that  will  be  required  for  the  purpose,  as  weU  as  for  the 
examination  of  miniite  animal,  vegetable,  and  mineral  struc- 
tures ;  we  win,  therefore,  proceed  at  once  to  the  appUcation 
of  the  same. 

Method  of  ^mng  tJte  Polarizing  Apparattts.—Tlm  polarizing 
prism  represented  by  figs.  55,  56,  and  57,  having  been  adapted 
to  the  under  surface  of  the  stage,  either  another  prism  or  a 
plate  of  tourmaline  is  to  be  placed  over  the  eye-piece,  or  in 
the  end  of  tlie  draw -tube,  as  shown  by  fig.  64,  and  tlie  light 
having  been  reflected  through  them  by  the  mirror,  the  step 

•  Familiiu-'  Inifoduetiofi  to  the  Studif  of  Polarized  Lighl,  puge  31. 


ON  THE  rOLARIZATION  OF  LIGHT. 


219 


that  next  becomes  necessary  is  to  make  the  axes  of  the  two 
priflms  coincide ;  this  is  done  by  revolving  either  the  npper  or 
lower  one,  and  noticing  wbether,.  in  some  positions^  the  light  ia 
completely  cut  oft,  and  in  othera  wholly  transmitted ;  if  the  field 
of  view  is  not  entirely  darkened  twice  during  one  revolution 
of  the  prism,  the  axes  do  not  correspond;  to  remedy  tins,  the 
compound  body  (if  capable  of  being  turned  away  from  the 
stage,  as  in  Mr.  Ross  and  Mr.  Powell*s  instniments,)  must 
be  shifted  either  to  the   right  or   the   left,  until  this  point 
is  attained.     If  now  a  thin  plate  of  &elenite,  or  other  doubly 
refracting  crystal,  be  placed  on  the  stage,  and  be  brought 
into   the  focus  of  the  object-glase,  it  will  cause   the  light 
to  pass  through  the   prisms,  and  the  eelenite,  according  to 
its  thickness, will  present  either  a  red  or  a  green  colour ;  if*  one 
of  the  prisms  be  now  revolved  slowly,  we  shidl  find  that  more 
and  more  light  will  be  transmitted,  but  tlie  intensity  of  the 
colours  will  be  last,  and  when  a  quarter  of  a  revolution  has 
been  accompUahcd,  the  brilliancy  of  the  colours  will  re-appear; 
but  what  was  originally  red  will  become  green,  and  the  green 
reA     If  the  selenite  be  removed,  and  some  very  thin  crystals 
of  sulphate   of  copper,  tartaric   acid,   or   one  of  the  other 
substances  presently  to  be  enumerated,   be  substituted  for 
its  *  most  gorgeous  set  of  colours  will  be  seen ;  and  as  the 
prism  is  being  revolved,  the  same  alternations  of  reds  and 
greens  will  take  place  as  with  the  selenite.    If,  however,  a 
piece  of  glass,  with  some  perfect  crystals  of  iodide  of  potagsium 
or  common  salt  upon  it,  be  placed  under  the  same  conditions, 
neither  the  light  or  the  colours  will  be  seen;  hence  bodies 
may  be  divided  into  those  that  polarize  and  those  that  do  not 
I)olarize:   to  the  latter  class  belong  the  iodide  of  potassium 
and  common  salt  just  named.       The  primitive  form  of  cry^al 
of  these  substances  is  the  cube,  and  it  has  been  found*  by 
experiment,  that  no  perfect  crystal  of  this  system  ever  exhibits 
coloiur  when  placed  between  the  prisma^  and  a  pencil  of  light 
incident  uimn  them  is  refracted  always  into  a  single  pencil  on  its 
emergence;  but  by  far  the  greater  numl>er  of  other  crystalline 
Ijodics  will  divide  the  pencil  into  two,  or,  in  other  words,  will 
doubly  refract  it ;  one  of  these  last  must,  therefore,  be  chosen 


220 


USE  OF  THE  MICROSCOPE. 


to  exhibit  colours ;  but  it  happens  that  there  is  one  part  or 
axis  of  the  ciystal  m  which  the  pniperty  of  dauble  refraction 
docs  not  exist,  this  is  called  the  axis  of  [no]  double  refraction. 
In  other  crystids  there  are  two  such  axes,  and  in  some  bodies 
there  are  certain  phincs  along  which,  if  the  refracted  ray 
passes^  it  experiences  no  double  retraction :  this  is  termed  the 
neutral  axis,  and  no  colour  will  be  produced  around  it  when 
polarized  light  passes  tJu^ough  the  crystid  in  the  direction  of 
this  axis;  but  whenever  polarized  light  passes  through  the 
crystal,  in  tlie  direction  of  the  axis  of  double  refraction,  a 
series  of  beautifully  coloured  rings  will  be  seen.  In  lai^e 
cr}''stals,  such  as  rhombs  of  Iceland  spar,  certain  angles  must 
be  ground  down  to  a  plane  sm-face  and  be  polished,  in  order 
to  exhibit  the  rings ;  when  tlus  is  accomplished,  there  will  be 
found  in  some  positions  of  the  analyzing  prism  a  black  cross, 
with  a  series  of  rings  around  it,  and  in  others  a  white  cross, 
with  the  colours  of  the  rings  reversed.  In  those  cr}'stak 
having  two  axes  of  double  refraction,  a  double  system  of 
rings  win  be  seen.  Nitre  is  a  beautiful  instance  of  tWs  kind, 
and  a  transverse  section  of  a  prism  of  this  substance,  when 
ground  down  and  |x)lished,  will,  with  jiokrized  light,  exhibit 
the  double  system  of  rings ;  but  if  the  prism  be  ground  in  some 
other  directions,  colour  will  be  produced;  hence  it  becomes 
neees*?ary,  in  order  to  exhibit  the  phenomena  of  colour,  to 
have  crystals  cut  either  in  the  direction  of  the  axis  of  double 
refraction,  or  in  a  plane  inclined  at  certain  angles  to  it- 
But  when  the  same  substances,  in  the  state  of  solution, 
are  crystalized  on  glass,  it  frequently  happens  that  many  of 
the  crystals  wiU  be  arranged  with  their  axes  of  double  refrac- 
tion in  the  direction  of  the  beam  of  polarized  light ;  all  such, 
therefore,  wiU  exhibit  colom's,  as  will  those  also  in  which  the 
thickness  of  the  ciyetal  is  not  below  a  certain  standanl,  this  for 
selenite  is  the  .<XK146  of  an  inch,  the  red  colour  is  always  pro- 
duced by  the  thickest  films,  the  violet  by  the  thinnest  It  must, 
however,  be  borne  in  mind  that  the  red  and  green  are  always 
complementary  to  e^ich  other,  or  together  make  white  light* 

Some  persons,  at  the  suggestion  of  Sir  David   Brewster, 
employ  a  rhomb  of  Iceland  spar  for  an  analyzer,  instead  of  a 
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Nicora  prisni ;  this  should  he  so  thick  (when  the  aeleiiite  is 
placed  oe  the  stage)  ba  to  separate  the  red  beam  from  the 
green  by  double  refVaction ;  and  in  order  to  protect  the  rhomb 
from  scratches,  a  plate  oi'  tliin  glass  should  be  cemented  to 
two  of  its  surfaces;  with  thi.s  prism  as  an  analyzer,  and  %¥ith 
one  of  Nieors  as  a  pohirizer,  a  film  of  selt^nite  of  uniform 
tldekne^t  and  with  a  bnisa  plate,  three  inches  by  one,  per- 
foi-ated  with  a  series  of  small  holes,  fi*oni  the  one-ebtteenth  to 
the  one-fourth  of  an  inch  in  diameter,  a  variety  of  in- 
teresting phenomena  may  be  exhibited,  as  described  by 
Mn  ^L  S.  Legg,  in  tlie  Transaetmis  of  the  Microgtoptcal 
Society*  If  the  brass  phitc  be  jJaeed  on  tJie  stage,  ^nth  the 
smaUest  hole  in  the  field  of  view,  and  an  inch  object-glass 
be  employed  as  the  magnilier,  tlie  rhomb,  when  placed 
over  the  eye-piece,  will  give  two  images   of  the  aperture, 

as  in  fig.  138, «.  If 
the  eye-piece  he  now 
turned,  the  images 
will  describe  a  circle; 
if  a  larger  aperture  is 
brought  into  the  field 
of  view,  the  images 
will  overlap,  as  shown 
in  fig,  138,  b  and  c. 
If  the  Ni col's  prism 


Fig.  13^. 


be  now  adapted  to  the  under  surface  of  the  stage  and 
the  eye-piece  revolved,  it  will  be  found  that  in  certain  parts 
of  the  revohition  there  wiU  be  two  images,  whilst  in  others 
there  will  be  only  one  fig.  139,  ahcd.  lt*no w  the  film  of  eele nite 
be  phiced  underneath  the  bra^  plate,  tlie  apertures  will  be 
coloureil  red  and  green,  fig.  138,  r/Z/c',  and  if  the  eye-piece  be 
revolved,  at  every  quarter  of  the  circle  the  colours  will  be 
seen  to  change  altertiately  from  red  to  green,  and  tmni  green 
to  red,  fig.  1 39*  a'  //  c'  <f .  If  the  brass  be  again  slid  along  so  as 
to  bring  the  two  largest  apertures  into  focus,  the  images  will 
overlap,  and  where  they  overlap  wliite  light  will  be  produced, 
fia  shown  in  fig.  138,  b'  €\  The  experiments  may  be  varied  by 
•  Vi>L  TI,,  Fart  XL 
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employing  two  double  reiracting  crystals,  placed  one  over  the 
other,  and  by  removing  the  Nicora  prism^  but  retaining  the 
brass  plate  on  the  stage;  two  distinct  images  will  then  be 


Fig.  139. 

geen^  but  at  twice  the  original  distance  from  each  other.  If 
the  crystal  nearest  the  eye  be  turned  from  left  to  right,  two 
faint  images  will  appear,  as  in  fig.  140,  cu  Continuing  the  revo- 


•  «; 


m  m 


Fig.  140. 

lution,  four  images  will  be  equally  luminous,  and  when  the 
crystal  has  turned  round  90*^,  tliere  will  be  only  two  image?  of 
equal  brightnesa ;  continuing  the  turn,  two  other  faint  images 
will  appear;  further  on,  four  images  of  equal  brtghtnesSj  and 
at  180*^  they  will  all  coalesce  into  one  bright  image  c. 

If  a  film  of  selenite  be  placed  between  the  two  crystals,  we 
shall  see  three  coloured  images  instead  of  two  colourless  ones, 
fig.  140,  a';  of  the  three,  the  two  outer  may  be  green,  the  middle 
red.  By  turning  the  crystal  nearest  the  eye,  the  middle  image 
will  gradually  divide  until  the  completion  of  the  quarter  of  a 
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revolution,  when  four  imageB  will  appear,  as  at  V^  two  being 
red,  the  other  two  green ;  revolve  the  crystal  another  quarter 
of  a  circle,  the  three  images,  aa  at  c\  will  re-appear,  but  with 
different  properties — ^the  two  outer  being  now  red,  and  the 
middle  green;  at  anotlier  quarter  four  images  will  be  seen, 
also  with  their  colours  reversed,  as  at  cf ,  and  at  the  completion 
of  the  circle,  the  original  appearance  will  again  occur. 

These  experiments  of  Mr,  Legg  arc  the  same  in  principle 
as  those  first  exhibited  on  a  screen  by  ilr.  Woodward,  by  the 
gas  polariscope,  the  crystal  having  been  placed  within  the 
focus  of  a  lens  of  low  power,  and  a  tourmaUne  being  used  as 
an  analyzer.  Mr.  Legg  has  successfully  effected  the  same 
results  by  the  achromatic  compound  microscope,  and  in  order 
to  afford  an  additional  means  of  investigating  these  phenomena, 
he  recommends  the  use  of  the  erector,  before  described  at 
page  110,  by  which  the  microscope  is  converted  into  a  tele- 
scope of  low  power.  When  the  Nicors  prism  is  used  as  a 
polarizer,  the  field  of  view  will  be  too  much  limited  for  the 
action  of  the  erector ;  in  tliese  cases  it  will  be  advisable  to 
employ  a  bundle  of  thin  glass  plates,  placed  in  such  a  manner 
tliat  light  may  fall  on  them  at  an  angle  of  56*^  45",  when  the 
light  reflected  will  be  polarized,  and  a  large  field  illuminated, 
'but  not  with  so  much  briliianey  as  by  the  prism  and  con- 
cave mirror* 

The  usual  mode  of  exhibiting  microscopic  objects  by  polar- 
ized light  18  to  place  them  on  the  stage  of  the  instrument 
with  a  Nicofs  prism  as  a  polarizer,  adapted  below  the  stage, 
.  and  a  similar  prism  above  the  eyc-piece ;  in  this  way  most 
crystalline  bodies  may  be  shown.  Some  few  vegetable  struc- 
tures may  also  be  exhibited  in  the  same  manner,  amongst  the 
latter  may  be  enumerated  the  hairs  on  the  leaf  of  the  Elocsignus, 
the  siliceous  cuticle  of  the  Equisetum,  and  of  some  of  tlie 
grasfles,  together  with  starch  of  various  kinds,  all  of  which 
are  beautiful  objcctii  for  the  polarizing  micn3Scoj>e.  Many 
-animal  structures,  such  as  feathers,  slices  of  quill,  horn,  hoof, 
other  cuticular  appendages,  are  best  shown  by  placing  a 
[thin  film  of  sclenite  or  mica  beneath  them,  by  which  they 
become  intensely  coloured ;  tlie  sclenite  or  mica  should  he  of 
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unequal  thickness,  for,  according  to  the  different  degiMt 
of  tliickness,  so  will  its  coloiira  vary.  A  list  of  tho9e 
ohjecta  tliat  will  exlubit  the  most  beautiful  seriea  of  coIoupb 
will  be  given  in  another  part  of  the  work.  Mr.  King,  of 
Ipswieh,  ha&de&cribod,  in  the  Tmnmctrom  of  the  Microscopical 
Socteti/,*  a  method  whereby  nearly  all  6t  met  lire  s  may  be  made 
to  exhibit  colour  by  polarised  light;  and  ns  liis  aocoimt  of 
the  process  cannot  be  well  abridged,  we  will  quote  liis  own 
woixla.  A  NicoFa  prism  having  been  adapted  to  the  under 
Buri'ace  of  the  stage  as  a  polarizer : — 

**  Take  for  an  analyzer  a  double  image  prism,  of  moderate 
separating  power,  and  place  it  over  the  eye-piece  of  the 
instrument. 

"  The  field  will  then  appear  to  be  edged  by  two  areas  of 
less  intensity  tlian  the  centre,  occasioned  by  the  duplication  of 
the  ciiTle  of  light. 

"  Next  put  upon  the  stage  a  plate  of  selenite,  which  exhibits, 
under  ordinary  ctrciunstauces,  the  red  ray  in  one  position  of 
the  jxjlarizing  priam,  and  the  green  my  in  another,  and  each 
ai'c  wUl  assume  one  of  these  complementary  colours,  wlnlst 
the  centre  of  the  field  will  remain  perfectly  coloiuicss. 

**  Into  this  field  introduce  any  microscopic  object;  and, 
whatever  its  structure,  it  will  exhibit  the  eflccts  of  polarized 
light  with  great  intensity  and  purity  of  colour* 

**  In  this  way  many  objects  which,  in  the  ueual  arrange- 
ment of  the  polariscope,  undei^o  no  change  in  colour,  are 
made  to  display  the  most  brilliant  effects 

"  Sections  of  wood,  feathers,  AltfCB  and  scales,  are  among 
the  objects  best  adapted  to  this  kind  of  exhibition. 

**  By  substituting  selenite  that  shows  a  variety  of  colours, 
the  eftects  are  still  more  gorgeous. 

"  The  best  power  for  the  purpose,  is  a  two-inch  object* 
glass,  the  intensity  of  colour,  as  well  as  the  separating  jiower 
of  the  prism,  being  impaired  under  much  higher  amplification, 
although  in  some  few  instances,  such  as  in  viewing  animalcula^^ 
the  inch  object-glass  is,  perhaps,  to  be  preferred, 

"  This   phenomenon,"  he   states,  "  is   attributable   to    the 
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tloiible  iniage  prism  aeparatiiig  the  constituents  of  the  polar- 
ize*! ray  into  two  pkncs,  unil  causing  them  to  overlap  each 
other,  except  at  the  etl^e^  where  the  light  Is  analyzetl;  and 
whilst  the  combination  or  the  complementary  colours  in  the 
centre  of  the  field  produces  again  white  light.  Any  object, 
therefore,  placed  in  the  white  field,  partakes  of  the  chanicter- 
istics  of  the  selenitc ;  one  linage  being  refracted  into  the  plane 
which  exliibita  the  green  ray,  at'^unies  that  colour,  whilst  the 
second  image  being  refracted  into  the  plane  of  the  red  ray, 
partakes  of  that  tint.  Should,  however,  the  object  be  so 
large  that  actual  separation  of  the  images  is  not  efle(*ted»  tlie 
extremities  and  interstices  only  will  be  polarized,  whilst  the 
middle  will  remain  dark,  or  present  only  it^  natural  hue/* 

It  may  be  here  stilted,  that  tlie  film  of  selenitc  employed  to 
give  colour  to  objects^  should  be  mountetl  between  two  glasses 
for  protection ;  it  may  be  even  inunersed  in  Canada  balearn,  in 
the  same  manner  as  an  onJinary  object.  Some  persons  employ 
a  large  film  mounted  in  tiiis  way  between  platen  of  glas@, 
with  a  raised  edge  to  act  as  a  stage  for  supporting  the  object 
on,  it  IB  then  termed  the  **  sdfuite  HtaffeJ^ 

Caiijtr  of  the  Cohmrs  of  Polarized  Ught — In  fig.  137  it  was 
shown  that  when  a  beam  of  light  reflected  from  a  plate  of 
gk^  at  the  angle  of  ^%^  45',  was  received  by  another  plate  of 
glfias  at  the  same  angle,  it  woidd  be  found  (if  this  second  plate 
were  capable  of  being  revolved)  that  in  two  positions  in  one 
revolution  the  light  would  be  entirely  stopped,  whilst  in  two 
others  it  would  be  wdioUy  reflected  ;  in  the  microscope  the 
same  effect  can  be  shown  by  two  prisms,  one  either  above  the 
eye-piece  or  between  it  and  the  object-glass,  and  the  other 
between  the  object-glass  and  tlic  mirror.  It  has  been  stated 
before^  that  if  a  thin  plate  of  a  doubly  refracting  crj'stJil  w^ere 
placed  betw^een  the  prisms  (when  in  the  situation  that  the 
transmitted  ray  of  polarized  light  from  the  lowest  prism  was 
ttopiied  by  the  upper  prism),  it  would  not  only  cause  the 
light  to  pass  through  tlie  first  prism,  but,  acconling  to  the 
thickness  of  the  plate  of  the  crystal,  S43  should  we  have  either 
a  green  or  a  red  colour,  or  some  modification  of  the  same, 
these  colours  being  complemental  of  eat^h  other,  or  which, 
15 
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together,  would  make  white  Uglit  If  a  thick  ci*ygtal  were 
placet!  between  the  prisms,  we  should  have  do  colour,  but  if  a 
aim  of  the  same,  we  may  have  it  either  red  or  green ;  the 
reason  of  this  is  stated  to  be,  that  in  the  tliick  crystal  the 
beam  is  split  into  two  rays  that  are  ix»hirized  in  directions  at 
right  angles  to  each  other ;  but  in  tliin  films  of  the  same,  the 
jiolarized  rays  are  not  at  right  angles  to  each  other.  From  a 
very  early  period,  philosophers  have  been  employed  in  the 
investigation  of  the  nature  of  light,  and  two  |>rinclpal  theories 
have  been  advanced,  one  by  iSewton,  who  maiot4iined  that 
light  is  material,  and  is  emitted  by  all  self  luminous  bcxUea 
in  minute  particles ;  the  other  by  Huyghens,  who  supposed 
tliat  an  elastic  mecliimi,  called  ether,  fills  all  ^pace,  and  occu- 
pies the  inten^als  between  the  particles  of  all  substances,  and 
that  luminous  bodies  excite  vibrations  in  this  ether,  which 
spread  by  waves,  in  the  same  manner  a«  those  fonned  in 
water  when  a  foreign  substance,  such  as  a  stone,  is  dropped 
into  it  This  latter  theory'  is  the  one  now  generally  adopted, 
and  has  received  the  name  of  the  undukitory  theory.  Light, 
as  is  well  know^n,  is  made  up  of  three  colours,  each  colour 
being  produced  by  a  w^ave  or  undulation  of  a  particular  lengtli; 
if  all  vibrate  together,  w^Iiitc  light  is  fonned,  but  if  they  are 
placed  under  other  conditions,  darkness  or  colour  may  result 
from  the  weaves  interfering  with  each  other.  Tf  the  difierence  of 
length  between  two  waves  be  an  even  number  of  half  undula- 
tions, the  two  will  coincide  and  produce  a  colour  equal  id 
intensity  to  the  two  combined ;  but  il*  the  diflerence  be  an  odd 
number,  darkness  wiU  result.  Let  us  now  apply  tliis  principle 
to  the  selenite  between  the  two  prisms,  and  let  us  suppose  the 
prisms  to  be  arranged  so  that  no  light  may  be  seen  when  the 
eye  is  applied  to  the  eye-piece ;  the  polarized  beam,  therefore, 
from  the  first  prism  not  being  able  to  pass  through  the 
analyzing  prism,  a  plate  of  a  double  refracting  crystal  is  intro* 
duced ;  this  has  the  proj>erty  of  dividing  the  |>olarized  beam  into 
two  coloured  rays,  which  are  j*olarized  at  right  angles  to  each 
other ;  but  at  angles  of  45^  to  the  original  ray,  these  &lling 
on  the  analyzing  prism,  and  being  inclined  somew^hat  nearer 
to  its  cry  stall  ographical  axis  than  the  j>olarized  beam  originally 
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wafl,  some  of  ita  vibrationB  will  pa^  throitgh;  but  as  these 
vibrations  do  not  all  arrive  at  the  prism  at  the  same  time, 
colour  is  the  result  from  slight  interference  in  the  undulations; 
and  if,  in  the  first  ease,  the  colour  is  red,  theu,  m  the  pris^m  is 
turned,  the  green  will  arrive  at  the  same  point  of  the  erystal- 
lographi(*al  axis  of  the  pri^m,  and  some  of  its  undidationa  will 
also  pass  through  and,  by  interference,  produce  a  green  colour. 
Tlie  red  and  green  colours  are,  m  htm  l>een  before  stated,  com- 
plementary, or  the  one  is  wliat  the  other  wants  to  form  wliitc 
I^ht ;  il'  a  double  refracting  crystal  of  leelaud  spar  be  used 
instead  of  the  Nicols  prism,  it  can  be  shown  that  where  the 
red  and  green  are  super-imposed,  white  light  residts.  But  as 
this  subject  wiU  be  best  understoofl  by  reference  to  a  diagram, 
the  author  has  selected  the  following  from  tlie  valuable  Intra- 
ductimi  to  the  Study  of  Polarized  IJffht^  lately  pubUshed  by  his 
friend,  Mr.  Woodwani  In  order  to  render  the  diagram  more 
intelligible,  it  may  be  as  well  here  to  state  that  oniinaiy  light 
is  represented  by  a  cross,  which  denotes  that  its  vibnitions  are 
in  planes,  at  right  angles  to  each  other,  whereas,  when  one  set 
of  such  vibrations  only  is  shown,  the  light  is  said  to  be  polar- 
ized. Mr.  Woodward's  description  of  the  production  of  colour 
by  polarized  light  being  in  itself  so  comprehensive^  the  author 
has  been  induced  to  copy  it  nearly  verlmtim. 

Let  A  B  C  D,  fig,  141,  represent  the  rectangular  vibnitions 
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Fig.  14K 

of  common  Ught;  E  a  plate  of  tourmaline  placed  with  its 
cryfitaUogr&phical  axis  in  a  vertical  direction;  this  is  called  the 
polarizer ;  a  F  beam  of  polarized  hght  obtained  from  A  B  C  D 
15' 
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by  the  stoppage  of  plane  C  D  ;  G  a  film  of  selenite  of  such  a 
tliickness  m  to  produce  red  or  green  lif^lit;  H  the  polarized 
beam  F  split  into  two  planes  at  right  angles  to  each  other ; 
I  a  second  toiinxialine  or  analyz^cr,  with  its  axis  in  the  same 
direction  as  that  of  E ;  by  this  all  the  vibrations  of  oe  that  are 
not  inclined  at  a  greater  angle  than  45*^  to  the  axis  of  tlie 
analyzer  can  be  transmitted  and  again  be  brought  together; 
K  the  waves  R**  R*  of  red  Ught,  meeting  in  the  same  state  of 
vibration,  and  forming  a  wave  of  red  light  of  doublctl  intonsity  ; 
LM  the  waves  Y^'  and  Y^  and  B""  B"  for  yellow  and  blue 
meeting  together,  with  a  difference  of  an  odd  niunber  of  half 
undulations,  and  thus  neutralizing  each  other  by  interference ; 
N  the  resultant  red  light 

In  the  lower  diagram,  fig.  141  may  be  seen  what  takes  place 
by  turning  the  analyzing  tounnaliue  one-qnarter  of  a  circle* 
H  represents  the  polarized  beam  split  into  two  rays;  I  the 
tourmaline  turned  so  that  its  axis  is  at  right  angles  to  that  in 
the  preceding  figure ;  K  the  waves  R*^  R"  of  red  light  destroy- 
ing each  other  by  interference ;  L  M  the  waves^  Y"*  Y*  and 
B°  B*  for  yellow  and  blue,  meeting  together  in  the  same  state 
ot  vibration*  and  by  their  coincidences,  waves  of  doubled 
intensity  for  yellow  and  blue  light;  N  green  light  resulting 
from  the  mixture  of  the  yellow  and  blue  hght  respectively. 
By  substituting  NicoFs  prisms  for  the  two  plates  of  tourma* 
line,  and  by  the  ad<lition  of  an  object-glass  and  eye-piece,  the 
diagrams  would  then  represent  the  passage  of  the  hght  through 
an  achromatic  compound  microscope*  If,  instead  of  the  sele- 
nite,  other  crystals,  such  as  Iceland  spar,  quartz,  nitre,  &e,, 
cut  in  the  manner  described  at  page  220,  be  phieed  between 
tlie  tourmalines,  coloiured  rings  wiU  be  produced,  which,  in 
some  cases,  may  be  intersected  either  by  a  black  or  white 
cross,  according  as  the  light  is  stopped  or  transmittei  All 
substances,  whether  animal,  vegetable,  or  mineral,  which,  by 
the  unequal  arrangement  of  their  particles,  possess  the 
property  of  double  refraction,  will,  when  placed  between  the 
prisms,  exhibit  colours  varying  according  to  the  otherwise 
unappreciable  difference  of  density  of  their  various  parts,  and 
these  differences  may  thus  be  distinguislied  and  traced  out 
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much  more  satisfactorily  tlian  by  conimon  light.  "Should^ 
however,"  says  Mr.  Woodward,*  *'  the  doubly  refracting  pro- 
perties of  the  tissue  be  too  feeble  to  produce  a  sufficient 
difference  of  colour,  the  effect  may  be  conaidenibly  increased 
by  placing  the  object  on  a  plate  of  eelenite  of  uniform  thick- 
nese,  for  which  purpose  a  thickness  capable  of  producLng  a 
bright  piurple  or  l%ht  blue  colour  will  be  found  to  afford  the 
most  agreeable  contrast,  and,  ai*  a  single  plate,  to  be  tlie  most 
generally  uaeftiL" 

In  tlie  preceding  description  of  the  colours  produced  by 
polarized  hght,  those  of  which  mention  has  been  cJiietiy  made 
are  tlie  red  aud  the  green ;  it  must  not,  however,  be  imagined 
that  these  are  tlie  only  colours,  for,  in  practice,  it  will  be 
found  tliat  not  only  every  colour  of  the  spectrum,  but  every 
variety  of  tint  of  each  of  these  primary  colours  will  be  pro* 
duced  by  variations  in  tlie  thickness  of  the  doubly  refracting 
eubstance,  through  which  the  polarized  light  passes;  tliese 
tints  may  be  chtasilied  into  seven  onlers,  as  was  done  by 
Newton,  when  he  asceitained  the  thickness  of  coloured  plates, 
and  particles  of  air,  water,  and  gla«9.  Selenitt*,  from  the 
Gircamfltanee  of  it^  splitting  easily  into  laminse,  may  be  ob- 
tained of  all  tliicknesses,  and  films  of  intermediate  thicknesses, 
between  00124  and  01818  will  give  all  tints  of  colour 
between  tlic  white  of  Ne^^^ton's  first  order  and  the  white 
arising  from  the  mixture  of  all  the  colours.  The  Bame  variety 
of  tints  may  be  produced  by  plmnng  the  films  one  over  the 
other ;  tor  tliis  puqx>se,  Mi\  U:irker,  who  has  paid  considerable 
attention  to  the  subject  of  jiobirized  light,  and  to  whose  inge- 
nuity we  are  indel>tt'd  for  some  of  the  most  beautiful  of  our 
apparatus  for  exliibiting  certain  phenomena,  in  connection  with 
this  subject,  has  demised  the  instrument  represented  by  fig.  142. 
It  consists  of  a  plate  of  bniss,  i'our  inches  long,  an  inch-and-a- 
half  broad,  and  one-fifth  of  an  inch  thick,  having  a  piece  of 
raised  brass  screwed  to  it,  against  which  objects  may 
rest  when  the  mieroecope  ij8  inclined ;  in  tlie  centre  of  the 
brass  plate,  there  is  a  hole,  one  inch  in  diameter,  into  wliich  is 
fitte<l  a  ring  of  the  same  metnl,  with  a  shoulder  on  its  under 
•  Op,  Cii,,  p.  25. 
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side  to  receive  certain  cells,  into  which  plates  of  selenite  are 
fitted;  this  ring  is  capable  of  being  revolved  either  to  the 
right  or  the  left  of  a  central  index  oi'  dart,  by  means  of  an 


Fig.  142. 

endless  screw,  turned  by  the  small  handle  seen  on  the  right 
side  of  the  figure,  P  A  [^  P  A  ^,  P  A  J,  I'epresent  three  braea 
cells,  into  each  of  which  arc  burnished  two  plates  of  tliiii  glass, 
ha\ing  between  them  fibns  of  selenite  of  dilFerent  tliickncssen. 
The  dart  at  P  A  denotes  tbc  direction  of  the  positive  axis  of 
the  eelenitCj  and  the  figures  ^,  ^,  &c.,  denote  the  parts  of  a 
vibi-ation  retarded  by  each  disc,  which,  by  their  siiper'-position 
and  variation  in  jioeition,  by  meanB  of  the  endless  screw 
motion,  produce  all  the  colours  of  the  speetrimi* 

Advantar/es  of  Polarized  Light  to  th^  Microscopisf.^-D\^  ap- 
plication of  this  modification  of  light  to  the  illumination  of 
very  minute  structures  has  not  yet  been  fully  carried  out,  but 
still  there  is  no  test  of  differences  in  density  between  any  two 
or  more  parts  of  the  same  substance  that  can  at  all  approach 
it  in  delicacy.  All  structures,  therefore,  belonging  either  to 
the  animal,  vegetable,  or  mineral  kingdom,  in  which  the 
power  of  unequal  or  double  refniction  is  suspected  to  be 
present,  are  those  that  should  especiidly  be  investigated  by 
polarized  hght.  Some  of  the  most  dcHcate  of  the  elementary 
tissues  of  animals,  such  as  the  tubes  of  nerves,  the  ultimate 
fibrilla;  of  muscle,  &c.,  arc  amongst  some  of  the  most  striking 
subjects  that  may  be  studied  with  advantage  under  tliis 
method  of  ilhuuination.  It  would  be  impossible,  in  a  work 
like  the  present,  to  give  a  long  list  of  objects  tliat  require  the 
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aid  of  |>olarize«l  light  for  their  exhibition ;  every  structure 
that  the  mieroseopist  ia  investigating  should  be  examined  by 

thia  U|^ht,  m  well  a^  by  thiit  either  tninsiiiitted  or  reflected ; 
objects  mounted  in  Canada  l;nili«aui,  that  are  far  too  delicate  to 
exhibit  any  structure  under  tranj^iuhted,  will  often  be  well 
seen  nodcr  jMilarized,  light ;  its  uses,  therefore^  are  manifold. 
Those  who  would  wish  to  enter  scientifically  into  this  subject^ 
flhould  consult  the  works  of  Biot,  Brewster,  Ilerschel  and 
the  excellent  Lectures  of  Dr.  Pereira ;  the  Familiar  IntrtH 
dnctimi  to  the  Stmft/  of  Polarized  Liffht^  by  Mr.  Woaiward, 
may  also  be  studied  with  very  great  a*l vantage.  The  object 
of  the  author  in  the  present  eliapter  ha*  been  to  show  the 
nature  of  the  apparatus  employed,  how  it  is  adapted  to  the 
tnicroacopef  and  the  uicthLMl  of  using  it,  together  with  as  shoit 
an  ex[*lanation  m  possible  of  wime  of  its  most  iuijxjrtunt  prin- 
ciples; the  nuMh  of  prt'piiring  such  objects  as  will  best  excm- 
plity  tliese  prinei|iles  will  Ik*  fully  described  in  a  subset^uent 
cliapter. 


CHAPTER  VI 1. 


I 


GONIOMETER. 

Fou  the  purpose  of  measuring  the  angles  of  crj'stals,  w^hether 
micrtiflcopic  or  otliers,  a  very  beautifid  instrument  has  been 
invented  by  Dr.  Leeson,  and  has  been  tennetl  by  liim,  a 
Double  Refracting  Goniometer.  A  full  description  of  it  has 
been  given  in  the  Proceedifigs  of  the  Chanical  Stmet^, 
Part  XXIII,  of  which  the  following  is  a  transcript: — 

*'  The  goniometer,  invented  by  the  author,  with  a  view  to 
remove  many  of  the  difficulties  incident  to  the  instruments 
heretofore  in  use,  is  represented  in  figs.  143  to  151.  Amongst 
the  peculiar  advantnges  of  this  instrument  may  be  cnnmerutcd 
ite  CapabUity  of  measuring  oj*ake  and  impertcct  crjst^ds,  tdso 
mieros«*opic  crystals,  and  crj  stals  in  the  interior  of  transparent 
media.     It  is  et|ually  applicable  to  the  lai^est  crystals,  and 
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Will  measure  angles  without  removing  the  crystal  from  a 
gpccinien,  provided  only  the  whole  is  placed  on  a  suitable 
adjusting  atage.  The  instrument  depends  on  the  application 
of  a  doubly  refracting  prigm,  either  of  Iceland  epar  or  of 
quartz^  of  such  a  thickness  as  will  only  partially  separate  the 
two  images  of  the  angle  wMch  it  is  proposed  to  measure. 

"  Premising  that  the  goniometer  may  be  either  mounted  aa 
a  separate  instrument  or  attached  to  a  microscope,  it  is  pro- 
posed to  describe  it  m  when  fitted  to  a  body  of  the  improved 
compound  microscopes  in  common  use.  The  eame  letters 
will  he  used  for  the  correspontUng  parte  in  figs*  143  to  148, 
wliicli  represents  tbe  various  parts  of  the  goniometer  fitted  up 
as  the  eye*piece  of  a  microscope,  together  with  those  of  the 
adjusting  stage  to  support  the  crystal  wliieh  is  intended  to  fix 
upon  the  traversing  stage  of  the  microscope, 

"  Fig.  143  is  a  perspective  \iew  of  the  goniometer,  and  fig, 
144  is  a  section  of  the  same.      At  a  is  an  achromatic  prism  of 


Fig.  u;i. 


Fig.  144. 


double  refracting  Iceland  spar — a  Rochon's  prism  of  quarts 
may  be  substituted ;  i  is  a  brass  tube  containing  the  prism, 
with  a  round  aperture  ibrming  the  cap  of  the  eye-piece,  and 
sliding  stiffly  on  the  tulic  c  attached  to  the  arm  d  carrying  the 
vernier  of  the  gratluated  circle  L  At/ is  an  achromatic  eye- 
piece,  either  Iluygbenian  or  positive,  sliding  stiffly  or  screwing 
into  the  tube  f/  which  fit^  into  the  tubular  body  of  the  mici'o- 
scope.  If  the  crystal  is  large,  and  no  maj-nifying  jwwer  rc- 
qou'cd,  tJiis  eye-piece  may  be  dispensed  with ;  a  single  lens  of 
long  focus  may  occasionally  be  substituted  witli  advantage. 
The  vernier  has  a  clamping  screw  at  i  and  an  adjusting  screw 
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at  A,  A  reading  microscope,  placed  at  e^  is  attached  to  the 
vernier.  Fig,  145  is  the  adjusting  stage  to  support  the 
crystal  whose  angles  are  to  be  meaeuitHl,  and  fig.  146  is  a 


yi 


■^ 


■Mi 


Fig.  146. 


Fig.  145. 


section  of  the  same.  The  crystal  may  either  be  attached  by 
Canada  balsam  or  wax  to  a  glass,  or  blackened  ivory  plate  / 
dropping  into  the  ring  m,  wluch  again  fits  into  the  ring  «,  or 
the  cr^^atal  may  be  conveniently  held  by  the  clamping  arms 
in  fig.  147,  attached  to  a  ring^  alfcH>  fitting  into  the  plate  «. 
Two  of  these  arms  have  very  small  cups  at  their  extremity 
fitted  with  a  piece  of  India  rubber  or  cork,  by  means  of  which 
they  can  be  pressed  against  a  crystal  without  bruising  it.  The 
third  arm  has  a  small  fork  at  its  extremity,  which  turns  round 
on  the  end  of  the  arm  at  x  in  any  direction  to  suit  the  crystal 


Fig.  148, 


Fig.  U7. 


The  arrangement  of  screws  and  guides  shown  in  the  drawing 
is  for  the  puri>o«c  of  sliding  the  arms  to  and  from  the  centra 
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where  the  aystal  is  to  be  fixed.  Fig<  148  is  another  ring 
fitting  into  n  with  two  light  springs  to  hold  a  slip  of  glass  on 
which  to  fix  a  crystal  wlieu  desired,  or  to  carry  one  of  the 
oi"dimirily  mounted  niicni^opic  specimens. 

**  jp,  figs,  145  and  146,  i&  a  semicircle  attached  to  the  ring 
yi,  whicli  IS  centred  on  two  screws,  at  t  f,  passing  through 
two  uprights,  so  that  it  may  be  inclined  at  any  angle  and 
fixed  by  the  clamping  screw  r.  This  semicircle  may  be 
grsiduated.  in  wliich  (^se  it  can  also  be  employed  for  deter- 
mining the  inclination  of  the  optic  axes  by  jKjlarized  light. 
Not  only  can  the  plate  m  be  revolved  in  any  tlircction  within 
the  ring  n,  and  set  to  any  inclination  by  the  semicircle  p^  but 
the  whole  ring  o  carrying  the  upright  supports  may  also  be 
revolved  around  the  short  tube  shown  in  the  section  at  u 
upon  the  plate  s  which  fits  upon  the  traversing  stage  of  the 
microscofie.  The  ring  o  may  also  be  graduated,  if  thought 
useful,  and  thus  rendered  convenient  for  investigations  by 
means  nf  polarizetl  light. 

**  When  a  ei^stal,  or  any  single  thereof^  is  \iewed  through 
the  prism  attached  to  tlie  goniometer,  two  images  thereof  are 
produced  by  revolving  the  prism,  wliich,  witli  respect  to  each 
other,  tnay  be  made  to  occu|>y  various  relative  jiositions,  as 
shown,  for  example,  in  figs,  149,  150,  151,      Let  a  b  c\  fig. 


Fig.  149.  Fig.  150.  Fig.  151. 

149,  be  the  angle  to  be  measured,  the  crystal  being  adjusted 
pTOperly,  as  hereinafter  explained.  Place  the  vernier  at  zero, 
and  there  clamp  it  fa^t ;  then  revolve  the  tube  b  containing 
the  prism  until  the  lines  forming  one  side  of  the  angle  to  be 
measured  coincide  in  botli  images,  as,  for  instance,  the  lines 
abi  a'  by  fig.  L'iO;  tlicn  release  the  vernier  and  revolve  it  on 
the  graduated  circle,  until  the  two  lines  fanning  tlie  other  side 
of  the  angle  b(%  ft V' also  coincide,  fig.  15L      The  amount  of 
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rotation  thus  obtained  is  the  measure  of  the  angle,  or  its  com- 
plement, aooording  to  the  direction  in  which  the  vernier  is 
moved.  Insteiul  of  t<tarting  from  zero,  it  is  of  course  suffi- 
cient to  take  the  difibrence  of  the  readings  in  the  two 
positions, 

**  There  are  two  descriptions  of  angles,  tlie  one  sort  being 
tlie  plane  angles  produced  by  the  lines  foniiing  the  edges  of 
the  planes,  the  other  aort  being  the  anglea  fepfeoenting  tbe 
inclination  of  the  planes  themselves  to  each  other. 

*'  Wlien  a  plane  an<2jle  is  to  be  nieitsured,  it  is  necessary 
tlmt  the  two  lines  or  edges  forming  it  should  Im  both  situated 
in  a  plane  perfectly  horizontitl,  that  is  perpendicular  to  the 
axis  of  vision.  The  t^tu^e,  fig*  145,  furnishes  every  fiicility 
for  this  axljustnient,  which  may  be  known  to  be  i>erfect  by 
using  a  t^uitable  object-glass  and  observing  that  every  portion 
of  both  lines  remains  exactly  in  focus  on  traversing  the  stage. 

"  When  the  iuchnation  of  two  planes  is  to  be  measured, 
they  must  be  so  adjusted  that  their  line  of  junction  is  parallel 
to  the  axis  of  vision,  or,  to  use  a  familiar  expression,  they 
must  be  taken  out  of  winding,  as  it  is  termed.  A  very  little 
practice  will  sjitisty  the  observer  that  these  adjustments  may 
be  readily  accomplished  by  the  stage  in  question. 

"  Similar  adjustments  may  be  eflected,  although  somewhat 
more  difficult,  by  using  the  forceps  commonly  sold  with  the 
com|j>ound  mici-oscopes,  more  especially  the  three-pronged 
forceps  made  by  Smith. 

**  The  author  cannot  too  strongly  insist  on  the  importance 
of  the  Miicrosrope  in  examining  the  surface  of  the  planes  of 
crystals  subjected  to  measurement,  convinced  as  he  is  that 
obliipiity  in  many  cases  arises  not  only  from  conchoidal  frac- 
tures, but  also  from  imperfect  lamina?  elevating  one  jKirtion  of 
a  plane,  and  yet  allowing  a  very  tolerable  reflection  when 
measured  by  the  reHective  goniometer.  Another  source  of 
error  sometimes  arises  from  not  observing  that  the  j)lanes 
meaaured  are  those  of  macled  or  aggregated  crystals,  and  thus 
fiimifih  angles  which  would  not  exist  in  a  distinct  crystal-" 

Mr.  Ross  hn»  also  contrived  a  very  excellent  goniometer ; 
it  is  constnicted  i^omcvvhat    on    the    mmc    principle   as   the 
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micrometer  eye-piece,  shown  at  fig.  123>  page  192,  by  placing 
a  cobweb  in  the  lower  part  of  the  outer  tube  in  the  focus  of 
the  eye-glass,  instead  of  a  divided  scale,  and  having  the  upper 
rim  of  the  same  tube  divided  into  360^.  By  turning  either 
the  crystal  or  the  cobweb,  so  that  one  of  die  sides  of  the 
former  may  lie  in  a  line  parallel  with  the  cobweb,  and  having 
set  the  index  at  zero,  or  observing  the  degree  it  points  to» 
and  then  bringing  the  cobweb  in  a  line  parallel  with  another 
fflde  of  the  crystal,  the  number  of  the  degrees  passed  over 
will  give  the  angle  required. 


PART    III. 


MANIPULATION. 


MANIPULATION, 


CHAPTER  L 


The  microscope^  and  all  tJie  appanitys  ncceesaiy  for  the 
investipition  of  every  cla^s  of  object,  having  been  liilly 
deseril*ed  in  the  preceding  pages,  it  remains  now  to  point  out 
the  different  methocU  by  which  these  object8  may  be  exJiiljited, 
as  well  m  mounted  and  preeierved  for  future  twainination. 
Am  thia  work  is  chiefly  intended  to  aftoi\l  infoi-mation  to  tliose 
who  are  young  in  microscopical  science,  and  who,  thereforcj 
cannot  be  supposed  to  be  familiar  with  many  of  the  methods 
employed  in  the  preparation  of  the  different  kinds  of  objects, 
the  anthor  must  be  excused  for  entering  somewhat  in  detail 
into  a  few  of  the  most  important  processes,  as  it  is  requisite 
that  the  directions  given  should  be  sufficiently  plain  to  enable 
even  the  most  inexi>erienced  manipidator  to  carry  them  into 
effect. 

iVll  struetnres  intended  to  be  viewed  by  transmitted  light 
requiring  gla^^s  of  some  form  or  other,  either  for  their  support 
whilst  being  investigated,  or  when  i>ennanently  mounted,  it 
becomes  necessary  first  to  allude  to  the  best  mode  of  cutting 
such  glass  into  the  proper  shape  by  a  diamond. 

Diamonds  far  Cutting  Gltus. — The  diamomls  requirecl  by 
the  microscopist  are  two  in  number,  the  plough  or  glazier's 
diiuuond,  and  the  wTiting  diamond.  The  former  is  necessary 
for  cutting  tiie  tliin  plate  or  crown  glaas  for  alidee,  and  for 
cells  and  boxes  to  mount  objects  in,  whilst  the  latter  is 
required  for  cutting  the  thin  glauM^  for  covers,  and  for  w  riting 
tlie  namee  of  the  objects  on  the  end  of  the  slides.  The 
plough  or  glazier's  diamond  is  represented  by  fig,  152,  and 
consists  of  a  shaft  or  handle^  and  of  an  oblong  piece  either  of 
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Bteel  or  brass,  in  wliich  the  diamond  is  set;  this  piece  of 
metal  is  connected  to  the  handle  by  means  of  a  swivel  joint 
whicli  work^  in  the  end  of  a  brass  ferrule  attached 
to  the  handle  of  the  inetnnnent.  The  handle  is 
generally  comjiosed  of  wood  or  ivory,  the  upper 
part  is  round  and  ^liglit,  whilst  the  lower  part  is 
much  larger,  and  flattened  on  two  side;?,  for  reasons 
presently  to  be  assipneiL  The  amateur,  when 
taking  a  diamond  in  liand  for  the  fir^t  time,  must 
not  be  dii?appointcd  it"  be  i'ail  to  cut  a  strip  from  a 
piece  of  gkss:  he  may  even  persevere,  and  still 
some  time  elapse  before  he  is  certain  of  making  a 
good  cut — hence  it  liat*  been  tlionght  that  a  few 
words  of  instmction  on  this  point  would  not  here 
I>e  out  of  jilace.  The  tliamond  should  be  held  in  the 
hand  thus  :-^The  upper  part  of  the  shaft  or  handle 
should  be  placed  between  the  fore  and  middle 
finger,  and  one  of  the  square  sides  of  tlie  lower 
end  pressed  upon  by  the  thimib,  and  the  opposite 
squiu-e  side  by  the  fore-finger*  The  side  of  the 
oblong  piece  of  metal  in  which  the  diamond  is  set 
should  now  be  brought  agiunst  the  edge  of  the 
ruler,  and  by  means  of  the  swivel-joint  it  will 
readily  accommodate  itself  to  it.  And  supposing 
we  wish  to  cut  a  strip  from  a  piece  of  gla^s,  we 
must  first  lay  the  ruler  on  die  gla^,  in  the 
position  in  which  we  wish  the  cut  to  be  made; 
the  diamond  heW  as  already  directed  must  be 
placed  against  the  edge  of  the  ruler,  at  the  spot 
where  we  wish  the  cut  to  commence ;  and  shotild 
the  operator  have  never  cut  with  the  same  diamond 
befoix*,  he  slioidd  rest  it  on  its  point,  and  move  it  backwards 
and  forwards  n[K>n  it,  making  the  upper  end  of  the  handle  de- 
scribe a  curve,  until  the  tliamond  marks  or  takes  readily  to  the 
glass.  Wlien  the  riglit  position  is  obtained,  tlie  diamond  may  be 
drawn  carefiUly  along  the  ruler  to  the  c»pposite  end  of  the 
gla«s,  care  being  always  taken  that  the  pressure  exerted 
on  it  be  not  great,  and  that  the  same  degree  of  inclination  of  its 
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handle  to  the  ruler  be  preserved  throughout,  else  in  parts  the 
glass  will  be  cut,  and  in  others  only  scratched.  A  true  cut  will 
be  known  by  being  very  faintly  visible,  and  hy  a  particularly 
musical  sound  being  prmluccd  by  the  cutting,  whereas  a  scnitch 
is  kno\^'n  by  its  jagged  edges,  and  by  the  rough  and  harsh  sound 
made  whilst  the  diamond  is  passing :  when  the  glass  is  held 
towards  the  light,  it  will  be  seen  that  tlie  scratch  is  merely 
superficial ;  but  the  true  cut,  although  faintly  seen  on  the 
surface,  will  show  tliat  tlie  gla^s  is  cracked  for  some  con- 
siderable distance  below  it*  Wlieo  we  try  to  separate  the 
slip  wMch  has  been  cut  with  the  diamond,  we  shall  find  that 
it  easily  breaks  off,  whilst  the  scratched  portion  wiU  be  with 
difficulty,  if  at  all,  removed.  The  operation  of  cutting, 
although  at  first  sight  very  siiuple,  will  be  found  not 
to  he  so  iu  practice.  The  best  plan  for  the  tyro  is  to 
procure  a  piece  of  soft  glacis,  and  make  a  number  of 
cuts  na  near  to  each  otlier  as  possible,  and  try  how 
thin  a  slip  can  be  broken  otF. 

fVritinf/  Diammtd. — The  writing  diamond  is  repre- 
sented by  fig*  153;  it  is  not  provided  with  a  swivel, 
neitlier  is  tlie  handle  squared,  but  consists  for  the  most 
part  of  a  thin,  tapering  stem  of  ebony  or  ivory,  and  as 
it,  like  the  glazier  s  diamond,  will  only  cut  or  scratch  in 
certain  positions,  it  is  requisite  tliat  the  operator  should 
ast^ertain  this  jMiint,  and  when  once  found,  a  mark 
should  be  made  on  the  handle,  in  order  to  show  wliich 
-  part  of  it  is  to  be  held  in  front.  Those  diamonds 
^  having  a  portion  of  the  handle  squared  on  whicli  to 
'  I  place  the  thumb  or  forefinger  will  be  found  to  be  by  far 
I  the  most  convenient ;  but  when  tlie  operator  has  once 
f  iixed  upon  the  best  waiting  jK)int  of  the  diamond,  he 
Fig,  153,  Diay,  if  he  chooses,  cut  out  a  place  in  the  handle  for 
the  reception  of  the  tJmnib  or  forefinger.  There  are 
two  descriptions  of  writing  diamonds,  one  in  which  an  irregu- 
lar stone  lias  been  ground  or  turned  to  a  fine  |>oint,  whilst  tlie 
other  is  formed  of  a  sharp-p<:>inted  fragment  or  splinter.  The 
former  is  to  be  preferred,  although  its  cost  is  considerably 
greater. 
16 
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CHAPTER  IL 


ON  CUTTING  GLASS, 


Giasx.—The  best  lands  of  glass  for  mounting  objects  upon, 
are  tho.^e  kno^^ii  in  commerce  as  thin  plate  and  patted  crottn, 
both  may  be  purchased  either  in  sheets  or  cut  up  into  slides 
ready  for  use ;  if*  the  former  be  preferred,  it  should  be  free 
from  holes  and  flaws,  whilst,  in  tlic  latter,  veins  and  air 
bubbles  must  be  avoided ;  shotdd  the  operator  wish  to  cut  it 
liimselfj  he  must  be  provided  with  a  diamond  of  the  form 
represented  in  page  240,  and  with  a  piece  of  apporatiiis  termed 
a  cutting-board. 

Cuttinff-board, — This  is  represented  by  fig,  154,  it  consists 


d\^^ 

^^^ 

^^ 

i 

.-..:.«\ 

\ 

\ 

A 

— ^ 

,,, ^^.. ,.__,.,. 

\ 

i 

\ 

\ 

L 

^^^^ 

^B 

^^B 

^^ 

^ 

Fig.  154. 

of  a  piece  of  mahogany  or  deal  a  b,  about  a  foot  or  eighteen 
inches  long  by  eight  or  nine  broad,  and  three  quarters  or  one 
inch  thick ;  upon  this,  and  close  to  one  of  the  sides,  is  screweil 
a  strip  of  similar  wood  c,  about  an  inch  broad  and  one-fourth 
of  an  inch  thick,  but  not  so  long  as  the  bottom  piece  by  two 
inches ;  upon  it  may  be  markeil  hnes,  such  as  e  fy,  to  indicate 
the  width  of  the  more  common  sized  slides.  The  nders  are 
generally  made  of  tlie  length  of  the  board,  and  as  broad  as 
the  sizes  of  the  glass-slides  required  to  be  cut,  minus  the 
thickness  of  the  setting  of  the  diamond ;  the  wood  most  suit- 
able for  them  is  from  one-eighth  to  one-fourth  of  an  inch 
thick ;  one  of  these  rulers  is  represented  by  d.  In  all,  tlie 
ends  shoidd  be  cut  perfectly  square,  for  a  purpose  presently 
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to  be  named.  Now  supposing  we  wish  to  cut  the  elidcB  of 
the  iiauiil  size,  viz.,  thi'ec  inches  long  by  one  inch  wide,  we 
must  be  provided  with  two  rulers,  the  one  not  quite  one 
inch  hroatl,  the  other  not  quite  three  inches,  as  no  diamond 
will  cut  close  to  the  edge  of  the  ruler,  in  consequence  of  itj* 
being  set  in  the  middle  of  a  piece  of  steel  or  brass,  therefore 
the  distance  of  the  cut^  made  by  the  diamond-point  from  the 
edge  of  tlie  ruler,  will  l>e  regulated  by  the  tliickness  of  the 
setting ;  and  as  no  two  are  of  the  same  thickness,  it  becomes 
necessary  to  have  the  nilcrs,  at  first,  of  tlie  respective 
breadthii  of  one  inch  and  tlu'ee  inches,  and  then  to  have 
one  edge  planed,  until  the  cut  made  by  the  diamond  is 
exactly  the  right  measure.  ^ITlien  those  who  use  phite- 
glasB  prefer  having  the  edges  of  their  elides  either  ground 
or  polished,  it  is  a**  well  to  keep  the  ndei*s  of  tlie  cxjict  size 
of  the  slide,  viz.,  one  of  an  inch  and  the  other  of  three  inches 
broad,  by  these  the  slides  will  be  cut  larger  than  is  required, 
but  the  loss  the  edges  sustain  in  tlie  grinding  will»  in  all 
probability,  bring  them  down  to  the  proper  size. 

Prm-ess  of  Cutting, — In  the  cutting  of  slides,  it  is  advisable 
first  to  cut  the  glass  into  strips  tliree  inches  broad,  this  is 
done  in  the  foUowing  manner:- — One  edge  of  the  glass,  if  not 
quite  straight,  is  to  be  made  so  by  cutting  a  thin  strip  off; 
this  straight  side  is  to  be  placed  against  the  thin  raised  edge 
on  the  cutting-board,  and  pressed  fimdy  towanls  it ;  the  broad 
ruler  is  then  to  be  laid  ujK>n  the  glasii,  and  also  pressed 
against  the  raised  edge,  and  a  cut,  made  with  the  diamond  in 
the  manner  previoualy  described ;  we  shall  now  have  a  strip 
of  glass  tlu*ee  inches  broad.  The  next  step  is  to  make  one  of 
its  ends  square,  this  may  be  done  by  laj^ing  the  strip  against 
the  raised  edge  of  tlie  cutting-boani,  with  one  extremity  ex- 
tenduig  a  little  beyond  it,  the  broad  ruler,  being  perfectly 
square  at  both  ends,  is  now  to  be  placed  witli  one  of  these 
against  the  raised  edge  and  a  cut  made,  this  w\\\  render  the 
end  of  the  strip  of  the  glass  square;  this  squared  end  is  now  to 
be  brought  against  the  edge  of  the  cutting-bcmi'd,  and,  witli 
the  narrow  ruler,  it  can  be  cut  up  into  as  many  slides  of  three 
inches  by  one  as  its  length  will  admit  of;  when  these  arc 
16* 
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placed  in  a  bundle,  they  will  be  found  to  be  all  of  one  size, 
which  would  not  he  the  case  were  any  other  plan  adopted. 
The  8m4all  strips  ent  off  from  plate-glass,  which  arc  not  large 
enough  for  sHdes,  should  not  be  thrown  away,  as  they  will 
be  found  very  useful  in  making  cells  or  boxes.  It  will  be 
noticed  that  slides  of  three  inches  by  one  have  only  been 
spoken  of  in  the  preceding  descriptionj  of  course  any  other 
sizes  may  b^  cut  by  the  same  process,  by  having  inilers  of  the 
requisite  breadtli. 

Edging  the  Slides, — ^\11  glass  that  has  been  cut  with  the 
diamond  will  present  a  rough  edge,  to  obviate  this,  and  at  the 
same  time  to  improve  the  appearance  of  the  slide,  the  edges 
must  be  ground  smooth^  this  is  done  by  rubl>ing  them  on  a 
perfectly  Hat  plate  of  metalj  with  fine  emery  and  waten  As 
one  of  these  plates  will  be  found  of  great  use  for  other  pur- 
poses than  that  just  mentioned^  it  will  be  as  well  here  to  speak 
of  the  best  foi^m  to  be  adopted.  Several  metals  will  answer 
the  purpose,  but  the  best  is  a  mixture  of  lead  and  pewter; 
cast-iron  and  brass,  especially  the  foi-mer,  will  answer  very 
well,  but  lead  is  rather  too  soft;  in  onler  to  get  the  surface 
flat,  it  may  be  planed,  or,  if  the  plate  be  not  very  large,  three  of 
the  same  size  should  be  procured;  they  may  all  lie  kept  per- 
fectly true  by  a  process  well  known  to  most  mechanics,  this  is 
nothing  more  than  grinding  one  alternately  against  the  two 
others,  and  these  two  against  each  other,  whereby  a  perfectly 
flat  surface  may  he  always  kepL  If  cast-iron  is  employed, 
three  plates,  about  seven  or  eight  inches  in  diameter,  will 
answer  the  purpose  exceedingly  well.  The  process  of  grinding 
the  edges  consists  in  holding  the  slide  in  a  vertical  position  on 
tlie  plat€,  and  rubbing  it  either  roimd  and  round,  or  else 
ba^wards  and  forwanis,  until  ]ierfectly  flat ;  if  the  edges 
require  to  be  bevelled,  the  slide  must  then  be  inclined  at  an 
angle  of  45"^  with  the  plate,  and  be  rubbed  in  the  same 
manner.  The  emery  should  be  fine,  and  the  slide  dipped  in 
clean  water  occasionally,  and  then  wiped  to  see  how  the  grinding 
proceeds.  To  receive  the  excess  of  emeiy  and  water,  which 
18  sure  to  escape  over  the  side  of  the  plate»  a  cloth  may  be 
placed   around   it,   or,   what    is  best,  is    to   have  the   plate 
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fijced  into  a  block  of  wood  in  the  same  manner  &s  a  bone. 
If  tlie  edges  require  to  be  polished,  after  having  been  ground, 
they  miiy  be  rublifd  iijK>n  a  flat  piece  of  wood  covered  with 
buif  leather,  that  ha^  been  impregnated  with  putty  powder, 
water  being  used  in  the  same  manner  as  with  the  emery.  If 
a  large  quantity  of  elides  are  required,  tlie  process  of  grinding 
will  be  facilitated  by  employing  a  lapidary's  wheel  or  mill, 
charged  with  emer}' ;  the  iiolisliing  may  also  be  done  In  the 
same  apparatus  by  using  a  wooden  wheel  charged  with  putty 
powder.  If  the  slides  are  intended  to  be  covered  with  paper> 
the  grinding  of  the  edges  may  be  dispensed  with,  as  the  pajicr 
will  hide  all  inequalities  of  suriaee. 


ON  crTTixr;  THIN  glass  for  covers,  etc. 

The  thin  glass  employed  to  cover  microscopic  preparationa 
is  manufactured  only  by  Messrs,  Chance,  of  Birmingham,  it 
may  be  procured  of  various  degrees  of  thickness,  from  the 
one-twentietli  to  les^s  than  the  one-butidredtb  of  an  inch ;  being 
unannealed,  it  must,  on  account  of  its  brittleness,  be  handled 
with  care.  For  cutting  it»  the  board  described  at  page  242 
for  the  thick  glass  may  be  used,  or  a  smaller  one,  consisting 
of  a  piece  of  mahogany  about  eight  inches  long,  three  broad, 
and  a  quarter  of  an  inch  thick,  w  ith  a  raised  edge,  ns  repre- 
sented at  t\  The  lines  ^fff^  in  front  of  the  i-aised  edge, 
shoidd  also  be  present  to  indicate  the  length  and  breadth  of 
two  slides  of  the  size  most  commonly  used,  and  to  fomi  a 
guide  for  cutting  the  covers.  As  it  matters  little  if  the  covers 
are  not  cut  exactly  of  the  same  size,  one  narrow  nder  will 
generally  suffice  for  all  purposes. 

The  diamond  to  be  employed  must  be  the  writing  one, 
having  a  sharp  point,  but  the  pressure  exerted  ought  to  be 
slight^  as  the  thin  glass,  from  not  being  annealed,  is  apt  to  break 
with  the  slightest  touch ;  should  the  operator,  however,  not 
be  provided  with  a  writing-diamond,  the  glass  may  be  cut 
with  a  ploughniiamond  by  the  f^^llowlng  means,  viz,,  by  laying 
it  on  a  piece  of  plate-glasi*  that  has  been  wctte^l,  this  will  fill  up 
all  inequalities  and  cause  an  adhesion  between  them,  and,  with  a 
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little  care,  the  djamond-iioint  will  cut  it,  but  if  the  first  stroke 
fail,  the  opeintion  must  be  repeated  until  a  scmtch  is  made ; 
as  it  often  happeue  that,  trom  the  hardness  of  the  surface  of 
the  unaimeaU^d  glas8,  a  plough -diamond  wUl  not  readily 
mark  it. 

To  C\d  Circular  and  Oval  Covers, — Thia  may  be  done 
either  by  a  raacliine  iu  wliich  a  plane  surface  of  wood,  on 
wliich  the  glass  is  laid,  is  made  to  revolve  either  in  a  circle  or 
oval  underneath  a  diamond-point,  or  by  the  writing-diamond ; 
in  which  latter  case  a  model  of  the  size  of  the  cover  will  be 
required-  In  order  to  cut  circles,  tlie  following  plan  may  be 
adopted: — Discs  of  metal  of  various  sizes  should  be  selected,  one 
of  these  being  laid  upon  the  diin  glass,  and  pressed  firmly  down 
with  the  finger,  the  cUaniond  is  to  be  passed  round  the  margin 
of  the  disc,  care  being  taken  that,  in  the  passing  round,  it  be 
niatle  to  revolve  on  its  own  axis,  otherwise  the  beginning  and 
end  of  tlie  cut  will  not  join,  a  little  practice  will  soon  over- 
come this  obstacle.  IfVhen  a  number  of  discs  of  the  same  size 
are  required,  it  is  advisable  to  have  the  thin  glass  cut  into 
strips  a  little  broader  than  the  circles  are  to  be,  the  circle© 
when  cut  can  tlicn  be  readily  separated  from  the  surrounding 
glass;  but  should  any  difliculty  arise,  a  few  strokes  made  by 
the  diamond  thi-ough  the  lai^est  and  most  attached  parts,  will 
readily  cause  their  sepanition.  Another  plan  is  to  select  a 
set  of  sections  of  glass  tubes  of  dilferent  sizes,  and  to  lay  one 
of  them  on  the  thin  glass,  the  diamond  may  then  be  passed 
either  on  the  outer  or  inner  side  of  the  ring,  in  the  eame 
manner  as  when  the  metallic  disc  is  used.  \Mien  oval  covers 
are  required,  we  may  either  use  a  model,  cut  out  of  card- 
board, or  select  some  of  the  truest  of  the  oval  cells  tliat  are  used 
for  mounting  jjrcparations  in,  and  proceed  with  them  as  with 
the  met-td  tliscs  and  glass  rings*  Much  of  the  thin  glass  used 
for  covers  is  slightly  cur\Td,  care,  tlierefore,  is  required  to 
select  those  pieces  that  are  the  flattest,  especially  when  the 
covers  are  destined  for  cells  containing  fluid;  if  they  are  not 
flat,  the  gold-size,  or  other  material  employed  to  cement  their 
edges,  will  be  certain  to  nm  underneath  them.  Wlicn  the 
edges  of  the  covcra,  whether  ckcular  or  otherwise,  are  not  cut 
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eufficiently  wfll  to  allow  of  the  f ragmen t9  being  separated 
irom  them  readily,  but  little  pieces  of  glaaa  are  IcfTt  behind,  it 
will  tlien  be  necessary  to  employ  a  fine  file,  this,  when  nibbed 
over  the  e^lges,  will  make  them  smooth,  and  any  of  the 
eement:3  will  adhere  more  firmly  to  them.  For  this  purpose 
the  cover  should  be  held  between  the  thurab  and  first  finger, 
and  only  a  smal!  portion  of  the  edge  allowed  to  project  above 
the  fingers  for  the  file  to  act  on  at  a  time,  by  tlieac  means 
there  will  be  but  ver\^  little  ridk  of  fracture. 


CILVPTER  m. 


METHODS  OF  CEMENTING  CELLS. 

There  are  three  principal  methods  of  mounting  microscopical 
preparationB : — ^first,  in  tlie  dry  way  5  aecond,  in  aome  kind  of 
preservative  fluid,  siuch  a^  spirit  and  water>  or  Goadby'«  or 
other  solution;  and  thlnl,  in  Canada  balsauu  In  the  first 
method,  all  that  in  generally  re(|mred  is  a  slip  of  glass  or  a  slide 
(m  it  ii*  commonly  tennetl),  and  a  cover  of  thin  glassi;  but,  in 
the  second  methotl,  when  the  object  is  of  any  tliicknesj^  tlie 
fluid  requires  to  be  contained  in  some  kind  of  reservoir,  this  is 
most  frequently  made  of  glass,  and  is  called  by  mieroscopista  a 
eeli ;  of  these^  various  shapes  and  sizes  wiU  be  found  necessary, 
but  as  all  require  to  be  fastened  to  a  slide,  by  means  of  some 
kind  of  cemcut*  it  will  be  as  well  here  to  describe  the  most 
approved  methods  of  conducting  the  operation. 

Methni  of  Cnnnftijiff  Vrlh  without  //cf//,^— Tlie  thin  glass, 
the  tubidar,  the  drilled,  and  all  the  other  fonns  of  cells  pre- 
sently to  be  described,  may  be  fastened  to  a  bottom  glass 
or  elide  by  means  of  one  or  other  of  the  following  cements, 
viz*,  a  mixture  of  gold-size  and  lamp  black,  or  gold-size  and 
litharge  or  rctl-lcad,  or  a  solution  of  asphaltmn  in  turpentine; 
in  all  these  cases,  the  parts  of  the  cell  tliat  are  to  be  cemented 
must  be  simply  painted  over  with  a  tolcnibly  thick  layer  of 
one  of  the  abf>ve  cements,  and  then  he  laid  on  the  sDde,  and 
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be  put  aside  until  the  cement  is  sufBciently  hard  for  the  cell 

to  be  used ;  this  will  often  require  many  days- 

Cementing  Celh  bj/  Heat — The  mo&t  efficacious  plan,  how- 
ever, is  to  employ  one  of  two  substances  known  in  commerce 
as  Canada  baleain  or  marine-glue,  both  of  which  must  be 
liquefied  by  heat,  and,  to  effect  this,  a  simple  apparatus,  such 
as  a  small  plate  of  sheet-iron,  supported  in  some  way  or  otJier 
over  a  lamp,  must  be  provided.  The  size  of  the  iron*plate 
should  be  large  enough  to  hold  slides  three  inclies  long  by 
one  wide;  it  can  be  supported  in  various  ways;  if  the  plate  be 
about  five  inches  square,  it  may  very  well  be  heated,  either 
upon  the  ring  over  a  chemical  argand  lamp,  or  upon  one  of 
the  rings  of  a  retort-stand,  and  a  spirit  lamp  usei  By  far 
the  best  plan  is  to  have  a  piece  of  wrought  iron  about  six 
inches  long,  two  and  a  half  inches  broad,  and  one-eighth  thick, 
as  shown  in  fig.  155,  with  a  small  wire  leg  screwed  into  each 


Fig.  155, 

corner  to  support  it,  about  three  inches  from  the  t^ihle,  and 
under  thlp,  a  small  spirit  lamp  may  be  placed  to  heat  it. 

Wliilst  the  plate  is  being  made  warm,  the  cell  and  the 
slide,  to  which  the  cell  is  to  he  cemented,  are  to  be  laid 
upon  it ;  and  on  the  sides  of  the  cell  small  pieces  of  marine- 
glue,  cut  either  into  hiraps  or  shavings,  are  to  be  placed  ;  these 
must  be  watched,  and  m  soon  aw  they  begin  to  melt,  they  may 
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be  moved  one  towards  the  other,  with  a  sharp-pointed  iastru- 
mentj  so  as  to  cover  tlie  whole  of  the  surface  which  is  to  be 
cemented;  as  soon  as  this  is  done,  and  the  glue  is  seen  to  boil,  the 
cell  may  be  taken  up  with  a  pair  of  forceps  and  turned  over  upon 
tlie  slide,  and  when  it  has  been  adjusted  to  its  right  place,  the 
cell  may  then  be  finnly  pressed  down  upon  the  slide  with 
a  piece  of  flat  wood,  so  that  all  the  superfluous  glue,  with  any 
air  bubbles  that  are  present,  may  be  squeezed  out.  The 
cell  may  now  be  removed  from  the  plate  and  placed  upon  a 
piece  of  woofl;  before  it  gets  cold  the  superfluous  glue  may  be 
ecraped  away  easily  with  a  small  chisel,  such  as  represented 
by  fig.  156,  or  by  a  knife;  but  if  this  operation  be  left  until  the 


Fig,  156. 

cell  IB  cold,  the  task  then  will  be  more  difficult ;  bs  soon  as 
rthe  cell  is  cold,  a  small  quantity  either  of  a  weak  solution  of 
potash,  or  even  spirits  of  wine,  may  be  poured  into  it,  and  all 
the  small  particles  of  glue  removed  first  with  the  chisel,  and, 
Becondly,  with  a  chisel-like  piece  of  woo<],  having  a  thin 
piece  of  mg  over  it,  so  that  the  cell  may,  liy  these  means,  be 
freed  both  from  the  cement  and  frf>m  any  greasy  matter  that 
may  he  present  (care  being  always  taken  that  the  glasa  be 
not  s(.*ratched).  The  cell  may  now  be  rinsed  out  with  clean 
water  and  wi|>ed  dry,  first  with  a  cloth  or  an  old  cambric 
handkerchiet^  and  finlshefl  with  chamois  leather;  it  is  now 
ready  for  use. 

When  tlie  glue  has  been  heated  too  much,  it  turns  black, 
becomes  tough,  and  will  not  stick  to  the  glass ;  when  this  has 
happened,  it  is  better  always  to  take  away  the  cell,  scrape  off 
all  the  olil  glue,  and  begin  afresh,  than  to  attempt  to  cement 
it  with  glue  that  has  been  overheated  and  has  lost  its  fluidity. 
As  soon  as  the  glue  Ijoils,  then  no  time  should  be  lost  in  lapng 
do%vn  the  cell  in  its  proper  place.  Sometimes  small  black 
gritty  masses  are  present  in  the  glue;  these  should  be  re- 
moved whilst  the  melting  is  going  on,  as  when  they  are  left, 
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iinlesd  they  can  be  crushed  by  pressure,  they  will  prevent 
the  cell  from  coming  down  flat  on  the  glass,  and  often  large 
air  bubbles  will  appear  when  the  pressure  is  taken  off.  There 
are  many  kinds  of  marine-glue  in  use,  but  tlie  beet  for 
cementing  cells  is  that  known  in  commerce  as  G,  K.  4,  this 
meltB  at  a  temperature  some  few  degrees  higher  than  that 
of  boiling  water,  the  harder  kinds  get  brittle  by  keeping,  and 
their  melting  jwint  is  much  liigher.  Wliile  the  plate  ia  warm, 
and  aU  the  materials  are  at  hand,  it  is  by  tar  the  best  plan  to 
cement  a  number  of  ceUs,  all  of  which  may  be  cleaned  and 
put  by  ready  for  uae,  as  it  will  be  tbund  in  practice  highly 
neceBsary  to  have  several  sizes  in  store,  tlrnt  an  object  may  be 
mounted  epeedily,  for  many  valuable  things  are  hiid  by  and 
forgotten  when  the  trouble  of  making  and  cleaning  a  ceU  has 
to  be  gone  through  before  the  mounting  can  be  aceomplished. 
To  Vemmit  Cells  with  Cauadu  Balsam, — The  iron  plate,  the 
epirit  lump,  and  tlie  tools  mentioned  in  the  article  on  cement* 
ing  cells  with  marine-glue,  will  all  be  as  requisite  for  the 
Canada  balsam  as  for  the  former  material.  The  plate  is  also 
to  be  warmed,  and  the  ceOs  laid  on  it,  as  there  described ;  but 
upon  the  sides  of  the  cell  some  old  but  gemifluid  Canada 
balsam  is  to  be  placed,  as  soon  as  it  shows  the  least  symptom 
of  boiling,  wliich  is  known  by  the  disappearance  of  all  air- 
bubbles,  it  may  be  taken  up  with  the  forcepa  and  laid 
upon  the  slide,  pressed  to  ^Qi  rid  of  the  superfluous  balsam, 
and  then  set  aside  to  cool;  the  superfluous  balsam  may  be 
removed  with  the  knife  or  chisel,  and  the  cell  may  be  cleaned 
with  a  rag,  dipped  either  into  turpentine  or  ether.  To  get  rid 
of  these,  the  potash  or  alcohol  may  be  8ul>stituted,  and  when 
the  cell  is  rinsed  out  with  clean  wmter,  and  wiped  dry  with  a 
rag  and  chamois  leather,  it  is  ready  for  use.  Canada  balsam 
ifl  not  so  good  for  the  cementing  of  cells  as  the  marine  glue, 
in  consequence  of  its  getting  brittle  by  age ;  some  conaide- 
rable  care  even  is  required  in  hantlling  preparations  that  have 
been  mounted  only  a  few  years,  as  the  least  jar  or  bending  of 
the  slide  to  which  the  cell  is  cemented,  is  often  attended  with 
a  separation  of  the  balsam. 

It  sboultl  always  be  borne  in  mind  that  the  heated  slide  to 
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which  the  cell  has  been  cemented  must  not  be  touched  with 
a  damp  hand,  neither  should  it  be  laid  on  nietal  or  anytliing 
wet,  as  the  glass,  when  suddenly  eouled,  is  very  apt  to  cnick. 
Should  the  upper  part  of  the  cell  be  uneven,  it  ebould  be 
rubbed  on  tlie  metal  plate  deseribed  at  page  244  until  it  id 
perfectly  level,  as  the  success  of  the  openition  of  cementing 
down  a  cover  will  materially  depend  upon  this  point 


CHAPTER  IV, 


METHOD  OF  MOUNTING  OBJECTS  IN  FLUID. 

All  vci*y  delicate  animal  and  vegetable  tissues,  to  exhibit 
their  structure  cU^arly,  should  not  be  mounted  in  the  dry  way 
or  in  Canada  l>al8ain,  but  in  some  preservative  fluid,  such  as 
spirit  and  water,  Goadby's  solution,  or  one  or  other  of  the 
fluids  which  will  be  presently  euumeratcd. 

Tlie  most  minute  structures,  such  as  the  vessels  of  plants, 
the  muscular  and  other  tissues  of  animals,  requiring  in  all 
cases  exceedingly  high  ix>wers  for  their  due  exhibition,  must 
of  necessity  be  preserved  in  very  tJiin  cells,  witli  a  small 
amount  of  fluid. 

The  best  method  is  as  follows : — Take  a  slip  of  thin  plate 
glass,  of  the  size  adopted  by  the  Microscopical  Society,  viz., 
three  inches  long  by  one  broad^  or  any  other  convenient  size, 
and  after  having  cleaned  it  thoroughly  by  washing  with  a 
dilute  solution  of  caustic  potash,  to  remove  all  grease,  let  it 
then  be  laid  flat^  and  a  drop  of  one  or  other  of  the  preserv^ativ  c 
fluids  presently  to  be  enumerated  be  placed  upon  it ;  in  tliia  the 
object  is  laid,  and  after  having  been  properly  spread  out  with 
the  needle  point,  it  is  rcrnJy  to  receive  its  cover  of  tliin  glufia 
This  cover  should  be  selected  with  care,  and  should  be  as 
thin  and  aa  flat  as  pomble,  and  when  ti*eed  from  aU  grease 
by  being  rubbed  with  caustic  potash,  it  should  be  wiped 
with   a  clean  cloth  or  chamoifei    leather,   and    when    finished 
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should  be  held  in  the  middle,  not  with  the  fingers,  but  with 
forcep!!.  The  next  part  of  the  proceaa  is  to  touch  its  edges 
elightly  with  one  or  other  of  the  cements  presently  to  be 
enumerated  (the  simple  gold-size  will  be  foimd  to  be  the  best, 
as  it  is  most  free  from  colour),  the  cover  being  held  with 
the  forceps,  the  brush,  with  a  very  small  qnantity  of  the  gold- 
eize,  may  be  gently  passed  along  each  of  its  edges.  The  next 
tiling  to  be  done  is  to  lay  the  cover  upon  the  object ;  this  is 
effected  by  dropping  the  cover  gently  upon  the  fluid,  and 
pressing  it  lightly  to  exclude  all  the  excess^  and  to  leave  only 
a  thin  stratum  intervening  between  the  two 
glasses;  the  excess  may  be  removed  either  by 
drawing  it  away  by  the  sucking  tube,  ^g,  157*  or 
by  small  4*lips  of  blotting-paper.  After  tiiis 
operation  is  finished,  a  thin  layer  of  cement  is  to 
be  placed  where  the  cdge^  of  the  cover  come  in 
contact  with  the  bottom  glass;  when  this  is  dry* 
another  thin  layer  may  be  put  on,  until  the  angle 
between  the  two  glasses  is  nearly  filled  up.  The 
use  of  anointing  the  edges  of  the  cover  with  the 
cement  before  laying  it  on  the  fluid  is  two-fold, 
first,  to  prevent  its  getting  wet,  and  by  tliat 
means  hindering  the  cement  from  sticking,  and 
secondly,  all  moisture  being  repelled  by  the 
greasy  cement,  the  next  layer  applied  will  adhere 
more  firmly.  Care  must  be  taken  to  exclude  all 
air  bubbles  from  between  the  cover  and  bottom 
glass,  otherwise  the  cement  will  run  in,  especially 
when  the  bubbles  are  near  the  edge ;  should  too 
much  of  the  fluid  have  been  drawn  out  from  be- 
tween the  gla^^es,  and  an  air  bubble  be  left,  it  is 
then  necessary  to  add  a  little  more  of  the  fluid  at 
the  edge  where  the  bubble  island  it  will  then  run 
in  and  occupy  the  place  of  the  bubble,  and  the  ex- 
cess of  fluid  may  be  again  taken  away  in  the 
manner  before  described.  Objects  mounted  in 
this  way  seldom  keep  very  long,  and  when  once  an  air  bubble 
has  made  its  appearance,  it  becomes  necessary  that  a  watch 
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should  be  kept  upon  it,  lest  the  cement  also  run  in  and  spoil 
the  Bpecimcn.  Wlien  an  object  possesses  any  ajiprcciable 
thickness,  it  is  by  far  the  best  plan  not  to  mount  it  in  this  way, 
but  to  adopt  one  or  other  of  the  following  ractbtxli?,  in  all  of 
which  a  small  reservoir  is  employed  to  contain  botli  the  fluid 
and  the  preparation ;  this  reservoir  is  termed  a  cdi ;  various 
farms  of  these,  which  will  be  pailieularlzed  as  the  thin  glass 
cell^  tlie  concave,  tubuhir,  and  diilled  cells,  with  many  others, 
here  require  separate  mention* 

In  onler  to  prevent  the  cement  employed  in  the  flat  ceU 
from  running  in  to  spoil  the  object,  the  author's  late  brother, 
Mr,  Edwin  Quekett,  adopted  the  plan  represented  by 
fij^.  158,  which  was  to  take  a  piece  of  writing  jmper,  about 

one-eighth  of  an 
inch  smaller  each 
way  tlmn  the  cover 
to  be  employed, 
and  from  the  mid- 
dle of  this  to  cut 
out  a  square  or 
circular  hole  suffi- 


Fin^.  158, 


cicntly  large  to  hold  the  »*bject.  After  the  fluid  had  been 
placed  on  the  sEde,  and  the  object  deposited  in  it,  tiiis  paper 
cell  was  also  placed  in  the  fluid,  and  when  adjusted  to  the 
centre  of  the  sllf le,  the  cover  was  laid  on  in  the  usual  manner, 
the  pa]K!r  preventing  the  cement  from  running  beyond  it  to 
obscure  the  object.  Following  out  this  principle,  Mr.  Darker 
has  ingeniously  contrived  a  cell  of  the  form  represented  in  plan 
by  A  B,  fig.  159,  and  in  section  by  C.  These  cells  are  cast 
^  in  glass  of  the  size   re- 

presented by  A  B,  and, 
in  order  to  prevent  the 
cement  from  rimning  in, 
tlie  sides  are  constructed 
H&  sJiown  by  G  I)  B. 
B  being  tlie  outer  margin 
^'^'  ^^^'  of  the  cell,  D  a  flat  suf- 

tmt  for  the  cover  to  rest  on*  and  G  a  groove  between  it  and 
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the  inner  margin.  These  cells  are  cemented  to  the  slides  in 
the  usual  manner,  either  with  marine-gluc  or  asphuhum 
dissolvai  in  turpentine,  the  method  of  cementing  down  the 
cover  is  the  same  as  in  the  other  forms,  a  small  <|nantity 
of  guld-size  being  laid  on  the  ^at  surface  on  which  the 
cover  is  destined  to  rest  l>efore  the  fluid  is  placed  within 
the  cell ;  should  there  be  any  tendency  io  the  cement  to  run 
under  the  cover,  it  must  first  fill  up  the  groove  before  it  can 
get  into  the  cavity  where  the  object  is.  Tlie  under  surface 
of  tliis  fonn  of  cell  can  he  ground  eufficiently  thin  to  enable 
a  quarter  of  an  inch  objeet^lass  to  view  any  object  contoizieil 
witliin  it, 

Tfte  TJnn  Glass  Cell — ^This  is  represented  by  fig.  160,  and 
consists,  as  its  name  inii>lies,  of  a  piece  of 
thin  glass,  such  as  is  used  for  covers^  about 
three-fiuartera  of  an  inch  square,  out  of 
which  a  round  liolcj  varying  from  one-ludi* 
to  five-eighths  of  an  inch  has  been  drillecL 
In  order  to  make  this  usefid,  it  is  to  be 
cemented  to  one  of  the  elides  of  plate- 
glass  with  marine-glue,  in  the  manner  pre- 
viously described  at  page  248.  After  the  cell  ha^i  l>een 
properly  cleaned,  as  there  directed,  it  is  ready  to  receive  the 
intended  object^  which  is  to  be  mounted  as  follows: — ^A  email 
quantity  of  gold-size  is  to  be  placed  u|x>n  the  margins  of  the 
cell,  and  as  much  as  possible  wiped  off  with  the  finger  (tJiking 
care  tliat  the  size  is  wlpe<l  away  from  the  hole  of  the  cell  and 
not  towards  it);  the  fluid  in  which  the  object  is  to  be  mounted 
must  now  be  placed  in  the  cell  (and  it  is  always  a  good  plan 
to  put  in  rather  more  than  is  usedX  and  at\er  the  object  has 
been  properly  arranged,  the  cover  previously  cleanexl  and 
anointed  on  its  edges,  as  in  the  case  of  the  flat  c^jll,  is  to  be 
laid  on  tlie  fluid  and  pressed  down,  and  the  ejccess  reiuoved 
from  its  edges  by  the  blotting  paper  or  sucking  tal)e,  and 
the  cement  laid  on  in  the  nwmner  before  described.  When 
these  cells  arc  not  sufficiently  tliin,  they  may  be  readily 
made  so  by  rubbing  them  down  on  the  metal  plate  descrilicd 
sa  pige  244,  with  some  fine  emeiy  and  water.      It  is  a  good 
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plan  always  to  give  them  a  nib  on  the  metal,  not  only  in 
order  that  they  nmy  be  rendered  flat,  wliich  they  rarely  are, 
but  because  a  ground  siu*face  is  cidcukted  to  give  firmer  hold 
to  the  cement  than  one  which  is  polished- 

The  author  prefers  tliis  form  of  cell  to  any  other,  even  for 
the  most  delicate  tissues,  and  both  cell  and  cover  c^m  be  made 
so  thin^  that  an  eighth  of  an  inch  object-glass  eau  be  used. 
The  flat  cell,  however  carefully  prepared,  is  almost  certain 
to  leak  after  a  time,  and,  from  its  contaiuing  sueli  a  small 
amount  of  fluid,  a  very  short  period  will  elapse  before  the 
object  witliin  it  is  found  perfectly  dry ;  but  in  the  thin  glass 
cell  there  is  more  fluid,  and  any  leaking  is  made  evident  by 
the  formation  of  an  air  bubble ;  when  the  bubble  gets  very 
large,  the  cover  can  easily  be  removed,  and  the  object  re- 
mounted without  its  ha\4ng  first  been  allowed  to  get  dry. 

The  Concave  CelL—lXm  consists  of  a  slide  of  plate-glass, 
rather  tliicker  than  ordinary,  in  tlie  centre  of  which  a  concave 
cell  or  pond  has  been  ground  out,  and  either  left  in  the  rough 
etate  or  i>olishcd,  it  may  be  either  of  the  form  represented  in 
fig*  16 15  or  fig.  162  J  the  method  of  mounting  objects  in  it  is 

the  same  as  in  the  flat 
^"       ■  cell,  with  the  exception  of 

a  thin  layer  of  the  gold- 
eize  or  other  cement  being 
placed  aroimd  the  margin 
of  the  depression,  as  in 
the  case  of  the  thin  glass 
cell,  and  wiped  off  with 
the  finpjer.    The  fluid  is  to 


^ 


^ 


^ 


Fig,  162. 


be  placed  in  the  concavity,  and  the  cover  dropped  on  aa  in  the 
precetling  descriptions,  but  the  cover  eliould  be  so  much  larger 
than  the  cell,  as  to  leave  a  margin  of  one-eighth  of  an  inch 
around  it.  Tliis  fonn  of  cell,  when  polished,  does  very  %vell 
for  many  objects  where  accurate  deflnitiou  of  tJie  surface  only 
is  reqidred;  and,  when  unpoUshed,  is  most  useful  for  thin 
opaque  objects,  such  m  pieces  of  injection,  leaves  of  plants, 
Sec,  &c.,  that  are  too  thick  to  be  mounted  between  two  flat 
pieces  of  gla^a,     A  very  convenient  and  durable  form  of  ceD 
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amy  be  made  by  spreading  some  old  white  lead,  that  has  been 
ground  in  oU,  on  one  of  the  slides  tliat  measure  three  mches 
by  onej  taking  care  to  leave  an  aperture  or  pond  in  the  centre 
a  little  larger  than  the  object ;  the  lead  may  be  laid  on  of  a 
thickiieBS  equal  to  that  of  the  object  Spirit  and  water,  or 
other  fluids  is  to  be  placed  in  the  pond,  and  the  object  dej>osited 
in  it ;  the  thin  glass  cover,  which  should  be  as  large  as  eon- 
vement,  is  to  be  put  on  obliquely,  and  pressed  fimJy  down 
into  the  white  lead,  taking  care  to  exchide  all  air  bubbles* 
The  author  ha=5  objects  in  his  possession  quite  perfect, 
which  were  moiuited  eight  years  ago,  Mr.  Wni.  Valentine, 
who  has  atlopted  this  plan  for  many  years  with  complete 
success,  uses  a  little  trowel,  of  box  or  other  hard  wood,  of  the 
shape  represented  by  iig.  163,  to  pla^ster  down  the  white  lead 


Fig.  163. 

and  press  the  glass,  and  a  more  convenient  instrument  for  the 
purpose  cannot  be  devised.  IVben  Mr.  Valentine  first  com- 
menced this  plan  of  mounting,  thin  glass  was  not  to  be  met 
witli ;  he  was,  therefore,  obliged  to  use  a  stout  piece  of  mica ; 
with  tliia  his  objects  have  kept  perfect  for  many  years.  Mr. 
Holland,  whose  name  has  been  frequently  mentioned  as  tlie 
inventor  of  the  triplet  object-glass,  has  recommended*  a  cell 
of  the  form  represented  by  fig.  164,  as  usefnl  for  many  objects 
that  require  a  high  power.  a  b 
exliibits  a  glass  slide,  on  which  ifl 
painted,  with  white  lead  (worked  up 
with  one  part  linseed-oil  and  three  of 
spirit  of  turpentine ),  a  pond  or  cell  t  r. 
Fig.  164.  enclosing  a  spice  d.     Glasses  so  pre* 

pared   with   cells    of    any    size    or 
shape  must  be  allowed  to  dry  before  they  are  iiBed     The 
method  of  mounting  objects  within  this  form  of  ceU  is  thu^ 
described: — "  A  drop  of  flmd  containing  the  object  is  placed 
•  VoL  xlviii,,  Tranmctiorut  of  the  Society  of  Arts,  page  1*23, 
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within  the  spac^  ff,  and  a  piece  of  mica  of  the  same  size  as  the 
piart  painted  dropped  on  the  fluid;  but  care  must  be  taken 
thtit  the  drop  be  not  in  sufficient  quantity  to  Umch  the  inner 
margin  of  tlie  cement*  Tliat  being  accomplisthed,  take  some 
almond  oil  in  a  hair  pencil,  and  jmiss  it  lightly  and  elowly 
round  the  edges  of  the  mica:  the  oil  will  inj^inuate  it&elf  under 
it,  and  will  surroimd  the  object  without  mixing  witli  it. 
When  the  oil  is  cleaned  off,  a  coating  of  the  while  letui  may 
be  laid  round  the  e<lgea  of  the  mica,  extending  abont  one- 
tenth  of  an  inch  within  and  without  it*' 

The  two  following  methods  of  mounting  very  delicate 
objects,  ench  a^  Dcimidieie,  have  been  recommemled  by  Mr. 
Thwaiteg,*  The  iiret  consists  in  marking  out  on  the  glues  slide 
a  cell  of  the  required  sii!uq>e  with  gold^size,  tliiekened  either 
witli  litharge,  red-lead,  or  lamp-blju:k :  tliese  materiida  are  to  be 
mixed  together  on  a  ^lab,  and  laid  on  the  slide  as  soon  a? 
poflsible,  aa  this  mixture  quickly  becomes?  hard.  In  tlie  second, 
where  dcei>er  cella  are  necessary,  marine-glue  is  used:  this 
must  be  melted  and  dropped  uix)n  tlie  slip  of  glass,  and  ttat- 
teued  when  warm  mth  a  piece  of  wet  glass,  and  wliat  is  super- 
fluous cut  away  witli  a  knile,  so  as  to  leave  only  the  walls  of 
tlie  cell;  these,  if  they  have  become  loosened,  may  be  made 
firm  again  by  warming  the  imder  siu^lw;'e  of  the  slip  of  glass. 
The  surfaces  of  these  cells  may  be  made  flat  by  rubbing  them 
on  the  metal  plate  with  emery  and  water.  The  plan  of  laying 
down  and  of  cementing  the  tliln  cover  is  the  stuue  as  that  tor 
the  flat  and  thin  glass  cell  before  describeil. 

Mr.  Topping  prepares  ceUa  for  receiving  minute  prej»aiu- 
tlons  in  the  following  manner: — He  takes  a  slip  of  glass  and 
lays  on  it  two  thin  pieces  of  mahogany  of  the  size  of  the  glass; 
eacli  has  a  Iiole  of  the  required  figure  cut  in  the  centre ;  in 
one  piece  the  hole  is  the  size  of  the  outer  margin  of  the  cell, 
in  the  otlier  of  the  inner  margin.  These,  when  laid  over  the 
glaasy  afford  the  means  of  marking  out  with  a  writing 
diamond  the  space  to  be  occupied  by  the  cell,  which  must  be 
filled  up  with  japan.  The  glass  is  now  to  be  traneferped  to 
an  oven,  tlie  heat  of  which  should   be   gnidually    raised  to 

*  Ratfs*  J}rii$nidi€^,  pAgc  40. 
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prevent  the  japan  irom  blistering;  but  if  care  be  taken  in 
this  part  of  the  process,  a  cell  80  constructed  wiU  resist  the 

action  of  proof  spirit. 

When  tliicker  objects,  such  as  injections  or  other  opaque 
animal  stnictures,  require  to  be  niountedj  it  is  necessary  to  have 
a  much  deeper  form  of  cell  than  any  of  tlie  preceding ;  these 
may  be  made  of  all  depths  and  diameters,  by  having  trans- 
verse shoes  cut  from  glass  tubes,  and  may  be  denominated  tlie 
tube  ceils;  one  of  them  is  shown  in  fig,  16o,  and  when  cemented 
to  a  slide  in  fig,  166,     The  tube  should  be  rather  tliick,  at 


^ 


^ 


Fig.  1^6. 


Fig.  165. 


least  one-eighth  of  an  inch,  in  order  that  the  cells  may  hold 
firmly  to  the  bottom-glass.  These  cells  may  be  made  of  all 
diameters  between  the  one-fourth  of  an  inch  and  an  inch-and- 
a-half — they  may  be  even  made  laiger,  if  required;  the 
author  has  had  some  cut  from  stout  bottles  and  from  the  necks 
of  decanters,  that  are  as  much  as  two  inches-and-a-half  in 
diameter- 
Some  exceedingly  good  and  uscfid  cells  may  be  made  from 
glass  wldch  has  been  moulded  or  cast  into  rectangular  tubes ; 
slices  cut  transversely  from  these,  of  the  shapes  and  si^s 
shown  by  the  following  figures,  will  be  found  the  most 
convenient,  figs.  167,  168,  169,  being  for  the  glass  slides  of  one 


Fig.  167-  Fig.  168,  Fig  169. 

inch  in  width,  whilst  fig,  170  is  intended  for  the  slides,  wliich 
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are  one  incb-and-a-half  or  more  in  width.     Tliese  cells  are 
cheaper  tlmn  those  which  are  drillecl  in  plate-glass,  and  are 


Fig.  170, 

quite  as  neat  in  appearance.      Fig,   171    represents  one  of 
this  form  cemented  to  a  slide  and  ready  for  use* 


^ 


Fig.  17  L 

Drilled  Cells, — These  are  composed  of  pieces  of  plate-glass 
of  any  convenient  size.,  out  of  the  middle  of  which  cither 
a  circiJar  or  oval  hole  has  been  drilled,  the  depth  of  the  ceU 
depending  in  all  cases  on  the  tliickness  of  glass  used ;  when 
rcquiretl  to  be  ver}^  thick,  two  or  more  cells  of  equal  size  may 
be  cemented  together^  either  with  the  marine-glue  or  Canada 
balsam;  figs.  172, 173, 174,  represent  three  convenient  shapes, 
and  figs.  175, 176,  177,  one  of  each  cemented  to  a  bottom 
plate  of  glass  or  elide;  these  celk  have  many  advantages  over 
others,  as  any  number  may  he  made  of  one  tliiekness,  tliey 
may  also  be  made  perfectly  square  outside,  and  yet  the 
cavity  or  ccU  within  may  be  either  oval  or  circular,  which  is 
often  desirable. 

The  method  of  cementing  them  to  the  bottom  glass  is  the 
same  as  that  for  other  forms  of  cells.    Being  made  of  plate-glass 
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they  are  very  flat  and  of  uniform  thickness,  which  is  not 
always  the  case  with  those  cut  from  tubes^  and  irom  not 

being  groimd   on   their  BurfaccB,    they 

nwill  allow  light  to  pass  through  them, 
when  Canada  balsam  or  very  thin  ma- 
rine-glue is  used  as  the  cement,  hence 
they  may  be  employed  witli  the 
Lieberkuhn. 
^'g-  ^^*^*  BmJt-up  O//^.— These  consist  of  four 

□        pieces  of  glass  of  convenient  size,  which 
are  cemented   to  form  an  oblong,  or 


Fig.  173. 


Fig,  175* 


Fig.  176. 


Fig.  174. 


^ 


2^ 


Fig.  177. 


^ 


square  celL  The  simplest  form,  and  one  which  will  answer 
the  purpose  of  either  the  thin  glass  cell^  or  the  tubular  or 
drilled  cell^  when  these  are  not  at  hand,  may  be  thus  made. 
Take  a  piece  of  glass  of  the  required  shape  and  thickness,  say 
one  inch  long  and  three-fourths  wide,  and  mark  out  on  it,  witb  a 
writing-diamond  or  ink,  the  size  of  the  cell  you  wish  to  make, 
as  e  in  fig.  178,  continue  the  lines  to  the  edge  of  the  glass  as 
shown  by  dots  at  abed.  Now,  with  a  cutting-diamond, 
make  four  cuts  in  the  direction  of  the  lines  ab^  ac;  bd^cd; 
reject  the  middle  piece  e;  and  cement  the  four  outside 
pieces  to  the  slide  in  the  same  manner  as  one  of  the  other 
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Fig.  178. 


forms  of  cell,  taking  care  always  to  pot  the  pieces  in  the  order 
in  which  they  were  before  they  were  cut  ofl*;  tliis  is  known 

by  making  little  marks  or  lines  in 
each  corner,  tio  that,  when  the 
pieces  arc  separated,  one  hall'  of  the 
mark  may  be  on  one  side  and  the 
other  hiJf  on  the  opi>osite,  as  seen 
in  the  above  figure ;  this  will  serve 
as  a  guide  to  fit  the  piecea  pro- 
perly together,  and  when  a  little 
marine-glue  is  placed  between  the  joints,  the  four  pieces 
w^ill  be  held  as  firmly  together  as  if  they  were  a  solid  mass. 
Should,  however,  the  pieces  not  be  brought  down  to  a  uniform 
level,  the  cell  may  be  rubbed  on  the  metal-plate  with  emery,  and 
be  thus  reduced  to  any  convenient  thinness.  Cells  made  in 
this  way  of  the  thin  gla**8  answer  unconmionly  well,  and, 
when  properly  cemented,  will  form  an  excellent  substitute  for 
any  of  the  other  kinds ;  they  may  be  made  of  all  thickneftsea 
of  glaj38,  from  that  used  for  covers  np  to  the  thickest  plate 
that  the  operator  can  cut  slips  from  with  the  diamond* 

Thicker  cells,  as  represented  by  fig.  179,  may   be  made 


1 

a. 

eij 

e 

I 

1 

Fig.  179. 

of  four  narrow  strips  of  stout  plate-glass,  cemented  together 
as  in  the  preceding  specimen,  upon  a  bottom  piece  of  thinner 
plate;  but  care  must  be  taken  that  the  ends  of  the  sides  cd^ 
and  the  edges  of  ad  be  ground  flat^  and  that  the  joints  be 
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firmly  cemented.  Strips  of  plate-gloss  from  one-eighth  to 
half  an  inch  may  be  obtained  at  the  looking-^lass  makerej  ar 
may  even  be  cut  by  the  diamond,  which  will  anew  ex  for  this 
purpose  uncommonly  well>  as  all  inequalities  of  surface  may 
be  ground  down  on  the  metal  plate. 

When  much  deeper  cells  than  these  are  required,  we  must 
have  recourse  to  the  glass  box,  the  invention  of  Mr.  Goadby. 

This  coneiBta  of  four  pieces  of  thick  plate^lass  abcd^ 
cemented  together  upon  a  bottom  piece  or  ahde  by  their  edges, 
as  eeen  in  fig.  180.     The  edges  are  ground  flat,  and  the  sides 


Fitr.  180. 


c  d  made  rectangular ;  this  form  of  cell  is  not  8o  easily 
cemented  as  any  of  the  preceding,  and  when  the  marine- 
glue  is  once  melted  upon  the  edges,  the  pieces  should  all  be 
put  together  as  speedily  as  possible,  so  that  one  part  may  not 
be  made  much  hotter  than  the  other^  otherwise  the  glue,  when 
overheated,  is  apt  to  get  thick  and  dry  up. 

These  cells  or  boxes  may  be  made  of  any  size  to  suit  par- 
ticular preparations,  but  in  proportion  to  the  dimenaona  so 
ought  the  thickness  of  the  plate-glass  to  increase;  it  must, 
however,  be  borne  in  mind,  that  the  box  should  not  be  deeper 
than  IS  necessary  to  hold  the  prcpamtion,  otherwise  the  latter 
coidd  on]y  be  examined  with  a  magnifier  of  low  power. 

Method  of  Mounting  Objects  in  Deep  CeUs. — For  this  pur- 
pose it  will  be  requisite  to  be  pro\ided  with  a  bottle  and  glass 
tubes  of  the  shapes  represented  by  fig.  181  and  fig.  182.  The 
bottle  is  required  to  contain  the  spirit  or  other  fluid  about  to 
be  used  for  mounting  the  prepamtion ;  it  should  be  of  the 
shajH*  represented  by  a,  fig,  18 1 ,  having  a  wide  mouth,  into 
which  is  fitted  loosely  a  cork  by  with  a  tube  c  passed  thix>ugti 
its  centre ;  the  tube  shoidd  not  touch  the  bottom  of  the  bottle. 
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The  cell  and  thin  glass  cover  having  been  properly  cleaned, 
and  the  object  prepared  for  mounting,  the  ecige^s  of  the  foiiiier 


Fig.  181. 


!•%  182. 


ore  now  to  be  anointed  with  a  snmll  quantity  of  gold-size, 
the  cell  19  then  to  be  filled  with  the  preservative  fluid  by 
means  of  the  tube  c;  if  any  air  bubbles  are  seen  at  the  bottom 
of  the  cell,  they  should  be  touched  witli  a  Bliai'p  pointed 
instrument,  and  be  conducted  by  it  to  tlie  top>  where  they 
will  burst,  and  so  disappear.  The  preparation  (which  we  will 
8up|x)se  to  be  a  piece  of  injected  mucous  membrane)  having 
been  cleaned  and  soaked  for  a  little  time  in  a  similar  fluid  to 
that  in  which  it  is  now  about  to  be  mounted,  must  be  placed 
in  the  cell,  and  moved  about  in  tlie  fluid,  so  tliat  all  air  bub- 
bles may  be  got  rid  of,  the  thin  glass  cover  is  then  to  be 
placed  on,  and  all  the  sujierfluouf*  fluid  either  dmwn  away  by 
the  sucking-tube,  fig,  182,  or  by  the  blutting-i>ai)cr,  us  pre- 
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viouBly  described^  the  use  of  the  bulb  in  the  tube  being  to 
prevent  the  fluid  from  nisliing  suddenly  to  the  moutk  When 

both  the  edges  of  the  cell  and  cover  are  dry,  a  thin  lajer  of 
one  of  the  cements  must  be  apphed  to  them,  tbLa  kyer  should 
he  allowed  to  get  hanl  before  another  is  Imd  on ;  when  much 
of  the  cement  is  used  at  first,  it  is  apt  to  run  into  the  cell, 
which  may  be  avoided  bj  keeping  the  fii*8t  layer  very  thin, 
and  adopting  the  precaution  of  letting  it  harden  before  tlie 
application  of  the  second.  In  onler  to  give  neatness  to  the 
appearance  of  the  mounting,  the  laist  coating  may  consist  of 
black  or  red  sealing-wax  varnish,  or  the  edges  may  be  covered 
with  bronze  powder,  or  even  with  gold  leaf,  both  of  which 
will  adiiere  if  applied  before  the  last  layer  of  ceiuent  is  quite 
dry.  The  object  to  be  mounted  and  the  preserv^ative  fluid 
should  be  kept  as  free  from  particles  of  dust  as  possible ;  to 
prevent  the  admiBaion  of  theii^  into  the  fluid,  the  employment 
of  the  bottle  shown  by  fig.  1 8 1  is  recommended ;  should,  how- 
ever, some  foreign  particles  have  gained  entrance,  they,  in  all 
probability,  after  a  little  time,  will  sink  to  the  bottom  of  the 
bottle,  where  they  will  be  out  of  the  reach  of  the  end  of  the 
tube,  if  adjusted  as  represented  in  the  figure. 

To  prevent  the  cement  from  running  into  the  cell,  or  the 
marine^lue  from  covering  more  than 
certain  portions  of  the  bottom  of  the 
same  when  fastened  to  a  elide,  Mr. 
Rainey  has  contrived  the  foDowing 
forms.  One  of  these,  consisting  of  a 
pkte  of  glass  about  one-eighth  of  an 
inch  in  thickness,  and  one  inch  square. 
Fig.  183.  with  a  hole  through  the  centre,  is  shown 

by  fig.  183;  around  tlie  hole  a  channel 
or  groove  is  made,  the  object  of  which, 
as  in  JVIr.  Darker's,  shown  by  fig.  159, 
is  the  prevention  of  the  entrance  of  the 
cementing  material  within  it.  Another 
form  calculated  to  answer  a  similar  pur- 
pose, is  shown  by  fig.  184;  in  this  the 
hole  does  not  extend  through  the  glasa, 
and   the  bottom  of  it   may    be    either 


Fig.  184. 
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polished  or  roiigli ;  on  the  under  enrtiice  of  tlie  cell  there  is  a 
groove  03  in  fig.  183,  eo  that  when  inarino-gluc  ie  employed 
to  fasten  it  to  a  slide,  the  glne  will  be  all  kept  outside  die 
groove,  and  an  object  contained  in  a  cell  of  ilm  kind  can,  if 
rec|uired,  be  ejtamined  by  transmitted  light 

Whilst  treating  of  the  difterent  forms  of  cell^  and  boxes  for 
containing  large  [^reparations  that  require  the  aid  of  the 
mieroscope  for  their  due  exhibition,  it  may  be  as  well  here  to 
allude  to  the  methotl  employed  by  IVIr.  Dennlssi,  the  njanufac- 
turer  of  these  boxes  for  Mr.  Ooadby  and  others,  to  render 
them  better  fitted  to  withstand  the  expansive  jKiwer  of  the 
fi uid  they  contain;  for  this  purpose  he  has  foimd  it  necessary 
to  strengthen  the  joinings  of  the  pidea  and  ends  by  what  he 
terms  angle-pieces ;  these  are  slips  of  plate-glass,  ground  into 
a  three-sided  prismatic  shape,  which  are  cemented  to  the  inside 
of  the  box,  so  as  to  fill  up  all  the  angles  made  by  the  mdes 
and  bottom,  and  the  ends  and  sides,  and  Hkewifte  to  strengthen 
the  joints  on  the  outside  by  cementing  stripe  of  plate-glaw 
over  them,  in  order  to  prevent  the  sides  from  bursting 
outwards.  jVlthough  this  is  a  tedious  process,  the  operator, 
nevertheless,  will  be  well  repaid  for  his  trouble  by  the  greater 
dumbihty  of  the  work. 

The  method  of  cleaning  the  inside  of  the  box,  and  the 
putting  on  of  the  cover,  is  the  same  as  lias  been  described  in 
the  smaller  cells ;  to  get  rid  of  air  bubbles,  it  is  a^lvisable  to 
pcjur  into  it  much  more  fiuid  than  is  required  to  fill  it, 
the  excess  will  escape  at  the  sides,  and  if  the  pouring  be  kept 
up  for  a  few  minutes,  all  the  bubbles  and  foreign  bodies  in  the 
liquid  wldch  may  have  been  washed  from  the  preparation 
will  be  removed.  The  cement  employed  for  the  cover  by 
Mr.  Goadby  was  gold-size  and  lamp-black,  but  Mr.  Dennis 
adopts  the  following  plan: — In  the  covers  of  large  boxes  he 
drills  a  small  hole,  and  fits  a  cork  into  it,  and  places  the  pre- 
paration in  the  cell  witli  sufficient  fluid  to  cover  it,  but  not 
enough  to  reach  within  half-an-inch  of  the  top.  He  then 
cements  on  the  cover  with  marine-glue  by  means  of  a  hot 
iron,  and  fills  up  the  box  with  the  pcrservative  solution 
through  the  hole ;  by  a  little  shaking  all  air  bubbles  can  be 
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got  out,  the  box  should  now  be  allowed  to  remain  a  few  days', 
and  vvlien  no  more  bobbles  make  their  appeamnee,  the  cork  ie 
put  in  and  cut  off  level  witli  the  top  of  the  cover,  and  a  thin 
piece  of  glass  is  cemented  over  it  to  keep  it  in  its  place.  The 
whole  of  the  joints  of  the  box  are  now  cemented  with  marine- 
gluCj  and  the  cover,  being  fastened  on  with  the  glue,  m  held 
much  more  firmly  than  by  any  of  the  other  uiore  liquid 
cementa 


Fig.  185. 

A  small  box  a  b  with  mitred  sides  c  r,  and  strengthened  both 
with  angle  pieces  in  the  inside  and  strips  on  the  outside  c/,  is 
represented  by  fig.  185 ;  this  will  be  foimd  to  be  a  much  more 
durable  kind  than  that  shown  by  fig.  1 80.  If  the  preimration 
to  be  mounted  in  one  of  these  boxes  be  rcqiured  to  be  kept 
in  the  middle  of  the  box,  or  if  it  be  necessary  that  any  part  of 
it  should  be  spread  out  for  its  better  display^  the  plan  adopted 
by  Mr.  Goadby  is  to  secure  it  with  fine  pieces  of  silk  or  China 
twist ;  for  this  purpose  he  employs  loops  of  strong  silk,  that 
arc  fastened  to  the  bottom  or  sides  of  the  box  either  with 
marine-glue  or  Canada  balsam,  to  tliese  the  fine  pieces  of 
eilk  attached  to  the  preparati*>n  may  be  tied ;  short  loops  may 
be  cemented  to  any  part  of  the  inside  of  the  box  by  means  of 
a  piece  of  glass  and  a  loop,  of  the  size  shown  in  fig,  186.  A 
small  quantity  of  marine-glue  placed  under  tlie 
glass  when  it  and  the  loop  have  been  proiierly 
adjusted,  can  be  readily  fixed  by  the  appHciition 
of  a  hot  iron ;  to  make  the  glass  lie  more  evenly, 
a  groove  may  be  filed  in  it  eufficiently  large  to 
contain  the  end  of  tlie  loo|),  and  to  prevent  the  silk  troui 
being  scorched  dm'ing  the  operation  of  cementing,  it  may  be 
covered  by  another  piece  of  glass,  on  which  the  heated  iron 
should  not  be  placed. 
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ON  CEMENTa 


The  cements  employed  to  fasten  down  the  covers  of  cells  and 
boxes,  for  containing  iiiicroseopJcal  preparations  moiuiteJ  in 
fluid,  are  of  many  kinda,  the  most  useful  of  them  being  sua 
follows : — 

Japanners*  Gold-She. — This  consists  of  a  mixture  of  boiled 
liusecil-oil,  dry  red-lead,  litharge,  C4}ppcnis,  gnin  animi,  and 
turjientine;  the  first  and  last  ingredient**  being  iti*  principal 
conatitnent^,  it  can  be  purchased  at  most  s*ho|)6  where  varnishes 
are  sold ;  but  as  it^  drj'iiig  properties  increase  with  its  age,  it 
is  necessary  that  it  be  two  or  three  years  old  before  it  is 
employed.  It  should  be  laid  on  with  a  camel  or  sable-lmir 
pencil,  and  be  kept  in  a  widc-moiithetl  or  other  vial,  closely 
corked.  A  thin  coating  should  be  laid  on  at  first,  and  when 
tills  IS  dry,  another  rather  thicker.  If  the  gold^ize  be  very 
thin,  a  small  quantity  of  lamp-black  or  litliai^e  may  be  mixed 
with  it  on  a  slab  by  means  of  a  palette  knife,  and  as  tliis 
mixture  very  soon  dries,  it  should  be  used  quickly.  The 
brush  employed  with  cither  of  the  above  cements  may  be 
cleaned  with  turpentine, 

Setdinp-wfu;  I'anmk, — Tliis  id  made  by  dissolving  sealing- 
wax  of  any  colour  in  alcohol,,  it  having  previously  been  broken 
into  small  pieces.  This  ex^raent  is  not  so  good  as  the  gold- 
size,  in  consequence  of  not  sticking  readily  to  damp  eurfiioes ; 
but  it  forms  an  excellent  material  for  giving  a  shiny  coloured 
coating  as  a  finish  to  the  moimting  of  an  olyect-  It  is  liiiil 
on  with  a  small  brush,  and  should  be  tightly  corked  to  pre- 
vent the  spirit  from  evaporating ;  the  brush  may  be  cleaned 
with  alcohol.  »Some  persons  preicr  shell-lac  to  sealing-wax 
for  a  cement ;  but  it  will  be  found  to  be  mther  too  brittle  ; 
the  method  of  using  and  of  keeping  it  is  tlic  same  as  in  the 
case  of  the  sealing-wax. 

Asphaltum, — This,  which  forms  a  very  good  cement,  is  made 
by  dissolving  either  Egyptian  or  other  asphaltum  in  boiling 
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Uneeed-oil  or  in  turpentine ;  it  answers  very  well  for  the  first 
coating,  but  has  not  sufficient  body,  unless  mixed  with  some 
Bolid  material,  to  form  the  entire  mass  of  cement  around  the 
covers  of  objects  ;  it  is  of  a  fine  black  colour,  and  as  such  will 
serve  for  the  last  or  finishing  coating.  A  solution  of  this 
substance  in  tm^ntine  will  make  a  good  cement  for  fastening 
cells  to  the  glass  slides,  instead  of  the  marine-glue  or  Canada 
balsam ;  having  this  advanUige,  that  spirit  may  be  employed 
as  the  preservative  fluid  wltliout  injury  to  it 

Canada  Baisam.~A  solution  of  this  substance,  either  in 
ether  or  turpentine,  evaporated  to  such  a  consietence  as  ifi 
sufficient  to  allow  of  its  being  laid  on  with  a  camelVhair 
pencil,  has  been  recommended  by  Dr.  tj.  W,  Griffith  as  a  very 
good  substitute  for  the  gold-size;  a  mbcture  of  lamp-black 
and  white  hanl  varnish,  when  laid  on  immediately,  he  also 
recommends  as  a  goo*l  cement 

Marine-Glue, — This  most  useful  cement,  the  invention  of 
Mr.  Jcffery,  is  composed  of  a  mixture  of  shell-lac,  caoutchouc, 
and  naptha;  many  kinds  are  made,  but  that  known  in  com- 
merce as  G  K  4  is  the  best  fur  microscopic  purposes,  a  solvent 
for  it  is  supplied  at  the  manufactory,*  and  will  be  found  of 
great  service  to  those  who  wish  to  construct  any  of  the  larger 
kinds  of  cells  or  boxes,  \\lven  about  to  be  used,  the  glue 
must  be  cut  into  tliin  slices  and  laid  on  the  glass,  and  heated 
until  it  begins  to  boil ;  or  a  hot  iron  may  be  placed  on  one  of 
the  surfaces  of  the  glass  until  the  same  eflfcct  is  produced  \  if 
any  gritty  particles  are  present,  they  must  be  removed.  To 
ensure  a  firm  connection  between  two  surfaces  of  glas»,  both 
must  be  well  warmed,  otherwi^  the  glue  will  stick  to  one 
and  not  to  the  other.  The  excess  may  be  removed  readUy 
before  it  is  quite  cold  by  means  of  the  chisel  described  at 
page  248,  and  all  trace  of  the  remainder  by  the  employment 
of  caustic  potaah,  care  being  taken  that  none  of  the  latter  be 
left  in  contact  with  the  glue,  as  it  is  apt  to  insinuate  itself 
between  the  two  cemented  surfaces,  and  cause  their  separation 
in  a  short  space  of  time. 

Skctrical  CemmiL — A  very  useful  cement  for  some  pinrposeB 
•  Commerciid-roiid,  Liinehouse. 
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hereafter  to  be  deacrib^^  is  mude  by  melting  together  ten 
ounces  of  resin,  two  ounces  of  bees'-wax,  and  two  ounces  of 
red  ochre ;  to  tliese  may  be  added  a  teaspoonfull  of  plaster  of 
Paris ;  tliis  cement  is  genei-ally  employed  for  fiistening  brass 
or  wood  to  glass,  bi  all  kinds  of  electrical  apparatus ;  it  must 
be  used  when  hot,  and  ciin  retulUy  be  fashione<l  into  any  shape 
before  it  gets  quite  cold*  Another  very  excellent  but  less 
brittle  cement  Is  made  by  melting  together  two  ounces  of 
black  ream,  one  ounce  of  bees'-wax,  and  one  ounce  of  Vermil- 
lion; this  will  be  useful  tor  making  tht-  tbiu  flat  cells,  as 
deacribed  at  page  257,  as  well  as  for  many  otlier  purijoses. 

Several  other  cements  will  be  required  occasionally  by  the 
microscopist,  viz.,  a  thick  solution  of  gum  arable  in  water,  to 
wliich  a  small  quantity  of  essential  oil  has  been  added,  to 
prevent  it  from  fermenting  and  becoming  sour;  also,  the 
same  powdered  and  dissolved  in  acetic  acid  or  distilled  vinegar; 
as  a  substitute  for  tliese,  tlie  liquid  sold  by  Messrs.  Ackermann 
as  diamond  cement  will  be  found  of  great  value,  both  aa  a 
cement  and  as  a  fluid  for  mounting  some  kinds  of  objects  im 
Mastich  varnish  will  also  be  found  usefid  for  cemeotitig 
opaque  objects  to  discs  of  cork  or  leather,  or  to  any  of  the 
other  kinds  of  surfaces  on  which  they  are  intended  to  be 
mounted. 

^Vhite-lead,  ground  in  linseed-oil,  will  be  required  for 
making  the  cells  described  at  page  256 ;  this  should  be  old 
but  free  from  all  rough  particles ;  it  may  be  mixed  up  on  a 
slab  with  a  small  quantity  of  gold-size,  and  if  a  little  litharge 
be  added,  it  will  dry  more  readily.  In  all  crises  where  any  of 
the  above  described  cements  are  used,  it  should  be  borne  in 
mind  that  too  much  sliould  not  be  laid  on  at  once,  a  thin 
coating  at  first,  and  a  thicker  when  the  firat  is  dry. 
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CHAPTER  VL 


ON  PRK8ERVAT1YE  FLUIDS. 


TnE  preservative  fluids,  like  the  cements  before  describecl, 
require  to  be  varied  accoRiing  to  the  nature  of  the  structures 
they  may  be  employed  to  conserve ;  thus,  for  instance,  a  solu- 
tiou  of  Bait,  alum,  and  corrosive  sublimate  in  water,  that  will 
keep  most  fleshy  substaucee,  will  destroy  otliers  that  contain 
bone ;  hence  it  becomes  necessary  to  select  a  different  fluid 
for  each  of  these  structures,  luid  of  aU  the  various  kinds  that 
have  hitherto  been  employed,  with  the  single  exception  of 
spu'it,  there  is  no  one  kind  that  is  universally  applicable ;  for 
large  preparations  proof  spirit  will  answer  every  purpose ; 
but  aa  this  is  rather  too  strong  for  most  of  the  cements  used 
by  the  microscopist^  it  luis  been  ascertained  that  for  all  delicate 
structures  there  are  certain  proportions  of  alcohol  and  distilled 
water  tliat  will  be  sufficient  to  preserve  them,  and  will  not 
jict  in  any  way  either  on  the  marine^lue,  gold-size,  or  asphal- 
tUHL  The  following  fluids  will  be  found  the  most  generally 
useful 

Spirit  and  Distilhd  Water. — In  the  proportion  of  one  ounce 
of  alcohol  60*^  above  proof,  to  five  of  distilled  water,  a  fluid 
may  be  made  that  is  capable  of  preserving  not  only  injectionfl, 
but  the  elementary  tissues  both  of  animals  and  vegetables, 
but  all  the  colours  of  the  latter  will  be  destroyed. 

Acetate  of  Ahimina. — This,  when  dissolved  in  distilled 
water  in  the  proportion  of  one  ounce  of  the  former  to  four  of 
the  latter,  will  preserve  even  very  dclic-atc  colours,  and  when 
injected  into  the  blood  vessels  of  animals,  is  said  to  prevent 
decomposition,  and  forms  the  so  caEed  Gannal  process^  em- 
ployed very  much  on  tJhe  Continent  for  the  preservation  of 
animal  structures  on  a  large  scale. 

Goadhjfs  Fluids. — The  first  of  these,  and  the  one  for  which 
Mr.  Goadby  was  rewarded  by  the  Society  of  Arts,  consists  of 
four  ounces  of  bay  salt,  two  ounces  of  alum,  four  grains  of 
corrosive  sublimate,  and  two  quarts  of  boiling  water ;  the«e 
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iiagfedientd  are  to  be  well  stirred,  and  the  ©olutiou  very  finely 
filtered.  These  proportions  form  a  strong  fluid,  hut  if  neces- 
sary a  mnch  larger  quantity  of  water  may  be  added  witliout 
any  diminution  of  its  preservative  quahtic^.  iViiother  kind 
consist.'^  of  three  pounds  and  a  half  of  bay  salt,  seven  grains  of 
corrosive  sublimate,  and  six  quarts  of  water ;  this  fluids  from 
containing  no  alum,  ia  not  so  liable  as  the  fornjer  to  act  on 
such  structures  as  shell  and  bone.  Another  kind,  called  the 
arsenical  soh/tion^  is  niatle  by  mixing  together  two  drachms  of 
arsenious  acid,  tliree  pounds  of  bay  sidt,  and  six  quarts  of 
water;  to  dissolve  the  arsenic,  it  should  be  boiled  with  a 
portion  of  the  water  in  a  tin  sjiucepan*  All  the  above  fluids 
should  be  carefully  filtered  before  they  arc  used. 

Solution  of  Cremate, — Creosote  does  not  readily  mix  with 
water ;  but  if  in  a  very  minute  state  of  division,  it  may  be 
suspended  in  it :  one  way  of  getting  a  solution  is  to  mix  it 
with  water  in  a  retort  and  distill ;  the  water  will  come  over 
liighly  charged  with  it  Mr.  Thwaites,  of  Bristol,  recom- 
mcmls*  a  fluid  into  which  creosote  enters  ns  an  ingredient  for 
the  purpose  of  mounting  preparations  of  algoo ;  it  is  nmde  aa 
follows : — • 

3/r.  Thwaites'  Fluid, — ^To  sixteen  parts  of  distiUed  water 
add  one  part  of  rectified  spirits  of  wine  and  a  few  drops  of 
creoeotei  sufficient  to  saturate  it ;  stir  in  a  small  quantity  of 
prepared  chalk,  and  then  filter :  with  this  fluid  mix  an  equal 
measure  of  c^imphor-water  (water  saturated  with  c4imphor), 
and,  before  using,  strain  oft'  tlu-ough  a  fine  piece  of  linen*  For 
the  same  purpose  Mr*  K^lfs  recommends  the  following,  \iz., 
bay  salt  and  alum  of  each  one  grain,  to  be  dissolved  in  an 
ounce  of  distilled  water*  Sir.  Ralfsf  also  informs  ub  that 
Mr.  Sidebothani  employs  distilled  water  alone  for  mounting 
deliciite  specimens  of  algm  in ;  and  when  the  last  coat  of 
cement  is  nearly  dry,  he  applies  a  fine  bronze  with  a  camera- 
hair  pencil* 

Git/certfie. — Tins  fluid  (the  awect  principle  of  fata  and  oik), 
lately  recommended  by  Mr.  Warington  for  itreserving  deli* 
cate  animal  and  vegetable  tissues,  has  many  advantages  over 
•  Ralfa'  DcMmidiem,  page  40.  f  Op.  CiL^  p.  42. 
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other  fluids^  not  only  in  keeping  tlie  green  colonrs  of  mfuaoria, 
but,  as  it  evaporates  very  slowly,  it  may  be  employed  in  cells 
without  so  much  care  being  necessary  in  the  cementing  of 
their  covers.  It  is  miscible  with  water  in  all  proportions; 
the  most  convenient  strength  for  use  will  be  one  part  of 
glycerine  to  two  of  distilled  water :  if  made  weaker  than  this, 
confervas  will  readily  grow  in  it  when  ex|_K>8cd  to  the  air ;  but 
not  when  sealed  up  in  cells.  If  pure  glycerine  be  employed, 
it  will  act  on  tlie  marine-glue,  and  from  its  highly  refilling 
properties,  many  delicate  structures  will  be  entirely  lo6t  in  it, 
as  in  Canada  balsam.  The  best  glycerine  is  procured  in  the 
manufacture  of  lead  plaster  (the  emplastmm  plumbi  of  the 
Phannacopana);  it  also  remains  in  great  abundance  after  the 
formation  of  soap ;  but  in  this  latter  case  it  always  is  mixed 
with  some  free  alkali,  which  renders  it  unfit  for  use. 

Chrtmik  Acid  is  useful  for  mounting  some  very  delicate 
preparation ;  it  has  been  employed  by  ilr.  Bowman  and  Mr. 
Briicke  to  proserve  the  vitreous  humour  of  the  human  and 
other  eyes,  in  order  to  detect  its  real  structiu-e.  Clu-oniic 
acid  may  be  procured  in  the  crystalline  state,  and  shoidd  he 
dissolved  in  so  much  water  as  will  render  the  tint  of  the 
solution  a  pale  straw  colour.  A  much  weaker  solution  than 
this  will  keep  most  animal  tissues. 

Salt  and  Hater, — A  solution  made  in  the  pro|>ortion  of  five 
grains  of  salt  to  an  ounce  of  distilled  water  will  answer  for 
keeping  very  many  animal  and  vegetable  structures;  it  waa 
first  recommended  by  Dr.  Cook  more  than  twenty  years  ago. 
We  are  told  that  Mr.  J.  T.  Cooper,*  in  the  course  of  a  series 
of  experiments  to  determine  the  best  fluid  for  preserving 
coloured  tissues,  also  foimd  that  salt  and  water,  to  which 
acetic  acid  had  been  added,  succeeded  extremely  well  for  this 
purpose;  such  a  mixtme  will  also  answer  for  most  minute 
v^etable  tissues.  The  great  objection  to  the  use  of  all  saline 
fluids  is  the  growth  of  confervas  wliich  takes  place  in  them ; 
this  may,  in  a  great  measure,  be  avoided  by  the  addition  of 
a  few  di'ops  of  creosote,  or  a  small  quantity  of  camphorated 
water. 

•  Mieroseofiicnl  Journal^  mvL  i,,  p,  184. 
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Naptha, — Thi^,  when  mixed  in  the  proportion  of  one  part 
to  seven  nr  e\^\i  of  water,  will  iimke  a  good  preservative 
solution;  the  author,  hj  accident,  having  placed  in  water  some 
portions  of  skin  to  macerate,  tluit  had  been  coarsely  injected 
with  a  material  into  which  naptha  entered  rather  largely  aa 
an  ingredient,  was  snrprised  to  find  them  perfectly  free  from 
decomposition  even  after  the  lapse  of  many  weeks ;  the  water 
was  impregnated  with  naptha,  and  the  speeimena  were  in 
excellent  condition,  ha^-ing  nndergone  little  or  no  change. 

General  Directiom,-^\i  may  here  be  stated,  that  for  all  lai^c 
specimens,  snch  as  injeetiona,  the  spirit  and  water,  or  Goadby'a 
first  solution,  may  be  used ;  and  for  others,  either  the  creosote 
or  glycerine  solutions,  as  those  containing  saline  matter,  when 
placed  either  between  glns!?es  simply,  or  in  the  thin  glass 
cells,  are  apt  to  crystallize  slowly,  and  interfere  with  the 
objects  that  are  mounted  in  them,  Goadby's  sc»hition,  con- 
taining both  salt,  alimi,  and  corrosive  sublimate,  will  keep 
animal  structures  that  have  been  injected  with  size  and  Ver- 
million exceedingly  well ;  l^ut  those  in  which  the  vessels  arc 
filled  with  tlakc-white  will  have  that  substance  destroyed  in  a 
few  houi-s  ;  in  these  caaes  eitJier  the  arsenical  or  the  spirit  and 
water  only  should  be  employed.  Tlie  glycerine  fluid,  when 
kept  tor  S4jme  tune,  is  apt  to  become  mouldy,  it  should,  there- 
fore, be  mixed  in  small  quantities,  and  then  only  a  few  hours 
before  it  is  required.  When  objects  are  to  I>e  moimttHl  in 
cither  of  the  above  ttui<ls,  it  must  be  kid  down  ns  a  rule  that 
they  should  have  been  Boaking  for  some  horn's  in  the  same 
fluid,  or  in  a  fluid  of  a  similar  kinfl ;  tins  should  be  more  par- 
ticularly attended  to  when  the  preparation  has  to  undei^ 
chsscction  in  water  previous  to  its  being  mounted.  It  has 
often  happened  to  the  author  to  find  a  jireparation  that  had 
been  dissected  in  water,  and  moimted  in  a  cell  in  spirit  and 
water  inn ned lately  after,  completely  covered  over  %vith  small 
air  bubbles  in  a  few  hours,  from  the  slow  admixture  of  the 
two  fluids.  With  Goadbys  solution  it  does  not  so  often 
happen,  but  with  this  a  white  sediment  will  be  sometimes 
deposited  in  the  bottom  of  the  cell  when  the  preparation  has 
been  soaking  in  spirit  for  some  time  previoualv.  When  the 
18 
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opcrator  has  more  than  one  specimen  of  a  rare  kind,  he  should 

not  confine  himself  to  mounting  them  all  in  one  fluids  but 
should  try  such  others  as  in  his  opinion  may  be  likely  to 
suceced;  a  note  of  thifl  should  be  made  at  the  time  on  the 
glass  slide^  and  the  date  of  the  mounting  also  placed  thereon ; 
such  rer-ords  will  he  of  great  service  as  giudes  to  ftiture 
operations. 


CHAPTER  Vn. 


METHOD  OF  MOUNTING  OBJECTS  IN  CANADA  BALSAM. 

Prrliminarif  Directions,^ — Before  any  object  is  mounted  in 
Canada  balsam,  it  is  necessary  to  see  that  it  is  pertectly  clean 
and  free  from  all  traces  of  moisture.  Those  specimens  that 
are  Hkely  to  be  moist  should  be  carefuUy  dried,  or  if  they 
be  of  such  a  nature  tliat  neither  water  nor  spirit  will  injure 
themj  the  beat  plan  is  to  give  them  a  good  wash  in  water, 
and  then  to  put  them  into  proof  spirit.  After  this  they 
may  bo  taken  out  and  laid  in  a  proper  position  for  diying, 
whicli  will  take  place  much  more  speedily  and  effectually 
witli  the  spirit  than  with  water.  Other  stnictures  that  are 
greasy  may  be  cleaned  in  the  same  way  by  the  employment 
of  sulphuric  ffither ;  this  latter  plan  is  especially  apphcable  to 
the  cleaning  of  liairs  of  animals  that  are  to  be  mounted  either 
in  the  dry  w%iy  or  in  Canada  balsam.  Entire  insects,  or 
parts  of  the  same,  may  be  cleansed  by  putting  them  to  soak 
in  warm  water,  and  by  agitating  them  In  it;  by  this  means 
mostj  if  not  all,  of  the  dust  and  dirt  will  be  washed  off*;  they 
may  then  he  placetl  in  spirits  of  wine,  and  at  any  convenient 
time  laid  between  glasses  to  dry.  A  more  common  plan 
before  mounting  them  in  the  balf?ani,  especially  if  they  should 
be  very  opaque,  is  to  allow  them  to  soak  for  a  time  in  tiupen- 
tine,  and  as  this  is  perfectly  miscible  with  the  bakam,  they 
may  be  taken  from  one  and  put  into  the  other,  at  the  conve- 
nience of  the  operator,  without  tlie  trouble  of  drying.      The 
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twrj)€Dtme  rcndei'^  everj"  part  of  tlieoi  more  tfimaparent  in 
two  i^ays;  in  tlie  fit^t  l>y  les^enla^  refm^tion^  and  lu  the 
flecond  by  dissolviii|^  fluids  and  eubetances  of  a  greasy  nature 
and  taking  their  place?^. 

When  very  thin  and  transpfttent  objects  are  reqmred  to  be 
mounted  in  balsam,  tliey  become  so  imlistinct^  tliat  their  true 
structure  cannot  be  made  out,  lieniM^  mjme  ukkIl"  of  u*akm|T 
tlieni  dark  becomes  necessary ;  this  may  be  effected  in  two 
ways^,  either  by  charring  or  dyeing ;  in  the  caae  of  vegetable 
matter,  tlie  charring  is  readily  done  by  placing  the  specimen 
between  two  plates  of  gUias,  and  holding  them  over  the  flame 
of  an  argand  or  spirit  hmip  until  the  specimen  aB^unjen?  the 
proper  tinge ;  it  may  then  be  taken  out  and  placed  in  balsam, 
and  mounted  in  the  usmd  manner.  Some  structures,  eqie- 
cially  thos*e  of  an  animal  nature,  will  not  Vjear  the  charring 
process ;  to  the&e  the  dyeing  only  is  applicable,  and  may  be 
effected  by  soaking  them  for  a  time  in  a  decoction  of  fustic 
or  logwood,  after  whicli  they  may  be  taken  out  and  ilricd- 
A  weak  tincture  of  iodine  may  be  employed  for  the  same 
purpose. 

Necessary  Apparatits, — The  things  necessary  for  mounting 
pre|mnitions  in  Canada  balsam  are  as  follows : — 

Some   clear   and   tolerably  fluid  biitsiim,   the    %vhiter    the 

better;  aUo,  some  tliat  is  older  and  tliieker, 
A  pair  of  wooden  forceps  to  hold  the  glass  slides, 
A  pair  of  fine-point e<l  forceps, 
A  pointed  instnuuent,  or,  what  will  answer  the  purpose,  a 

needle  fastened  into  a  wooden  handle. 
Glass  glides,  with  covers  of  thin  glass  of  the  required  size, 
A  small  solar  oil  or  a  spirit  lamp. 

Canada  Babam, — This  excellent  material  was  first  sug* 
gestedby  Mr.  J.  T.  Cooper,  and  employed  about  the  year  1832, 
by  Mr.  Bond,  an  ingenious  preparer  of  microscopic  objects, 
the  first  notice  of  it  in  print  appears  in  a  small  book  pub- 
lished by  Mr.  Pritchanl,  in  1835,  entitled  A  List  of  Two 
Thousand  Microscopic  Objects.  The  older  anatomists  were  in 
the  habit  of  using  varnishes  of  different  kinds  to  cover  their 
injcctwl  prcpai-atious,  which,  in  course  of  time,  became  hattl 
18' 
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and  traiMparent;  the  objects  belonging  to  the  microscopea 
described  in  page  16  are  thu8  coated,  Mr.  Pritdiard*  gives 
the  first  account  of  mounting  objecta  in  a  fluid  which  subse- 
quent! j  became  hard  and  rendered  the  mounting  permanent ; 
this  is  said  to  have  led  to  the  employment  of  Canada  balsam 
for  the  same  purpose.  It  will  be  found  convenient  to  have 
two  kinds  of  bidi^am,  one  in  a  veiy  fluid  state,  the  other  much 
older  and  tbieker;  the&e  Bhould  be  kept  in  wide- mouthed 
bottles  that  can  be  sufficieutlj  closed  to  prevent  aU  dust  from 
getting  in.  The  best  vessels  i'or  the  purpose  are  small  glass 
jars  with  flat  rimn,  upon  wliich  a  circular  piece  of  plate-glass 
may  lie  perfectly  level.  The  balsam  is  taken  out  of  these  by 
a  email  glass  rtxl,  which  should  be  of  a  sufficient  length  to  lie 
across  the  inside  of  the  jar  oliliquely,  so  as  to  be  covered  up 
with  the  balsimi ;  the  jar  should  not  be  more  than  half  full^ 
the  rod  will  then  be  sufficiently  uncovered  to  allow  of  its 
being  handled  without  soiling  the  fingers,  a  [KJint  that  should 
be  particularly  attended  to. 

Wooden  Foret'ps.—YoT  this  very  useful  instrmnent  we  are 
indebtctl  to  the  ingenuity  of  Mr.  Julius  Page ;  in  the  upper 
part  of  fig.  187  is  sboi^Ti  its  application  to  the  holding  of  a  slide. 


Fig.  187. 

whilst  in  the  lower  part  of  the  figure  b  seen  a  section  of 
it.  The  entire  instmment  is  composed  of  wood,  with  the 
exception  of  the  end  piece  a^  which  should  be  of  brass.  For 
holding  snudl  slides  it  should  be  of  the  same  size  and  shape  aa 
that  shown  in  the  figure ;  but  for  the  larger  slides^  viz.,  those 
three  inches  long  and  one  inch-and-a-half  broad,  it  should  be 
*  Microscopic  Cabinet,  p.  280, 
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mucli  stronger ;  the  two  flat  plates  or  blades  consist  of  labiir^ 
num  wood,  and  are  of  equal  dHiiensiona  a  represents  a  piece 
of  brassi  bent  at  right  angles ;  the  inner  {mrt  is  wedge-shaped, 
and  the  two  pieces  of  laburnum  are  firmly  rivetted  to  it,  and 
by  this  wedge  the  ends  of  the  blades  are  brought  more  accu- 
rately together.  The  opposite  ends  of  the  blades  arc  cut  in 
the  manner  shown  in  the  lower  figure  in  order  to  hold  tlie 
sEde  firmly,  whilst  two  wooden  studs  b  c  senre  to  separate  the 
blades  one  from  the  another.  When  the.^e  studs  are  pressed, 
the  blatles  open,  and  a  slide  can  then  be  phiced  between  them. 
The  method  of  using  the  forceps  is  as  follows  :■ — jrlfiter  a  slide 
has  l>een  cleaned  and  mrnle  ready  to  receive  tlie  Canada 
balsjtm,  it  is  to  be  placed  in  the  forceps,  and  atler  the  balsam 
has  been  dropped  on,  the  slide  may  be  warmed  over  the  spirit 
lamp,  and  should  it  now  require  ccK>ling,  the  forceps  may  be 
placed  on  the  table  for  the  purpose ;  the  piece  of  brass  a  and 
the  stud  V  form  the  supports  by  which  the  slide  is  kept  per- 
fectly horizontal,  and  at  the  same  time  raised  some  little 
distance  above  the  table  itself. 

Metal  Forceps, — For  tlie  purpose  of  handling  delicate  ob- 
jects that  are  to  he  mounted  in  balsam,  the  meta.1  forceps 
figured  at  page  119  will  be  found  very  convenient,  or  any 
of  tlie  others  presently  to  be  described  with  the  dissecting 
mstruments;  in  use  they  are  certain  to  get  balsimi  about  tlieir 
points,  this  should  be  cleaned  off  by  allowing  the  points  to 
soak  for  a  short  time  in  turpentine.  No  forceps  employed 
for  taking  up  delicate  structures  should  Inive  teeth  at  their 
extremities,  but  should  be  ground  to  as  fine  points  as  |x>ssible, 
as  the  teeth  are  apt  to  mark  the  specimens  that  are  held  by  theui. 

Needle  Point^FoT  the  purpose  of  destrojring  air  bubbles,  or 
moving  about  the  prcpanitions  after  they  have  been  placed  in 
tlie  balsam,  and  for  various  other  uses,  a  needle  fastened  into 
a  handle  of  wood  will  answer ;  but  an  instnuuent  constructed 
after  the  plan  of  that  shown  in  fig.  188  is  much  better  stilh 


Fig.  J  88, 


278 


ma:nip€Lation. 


Thb^  like  tlie  forceps^  is  certain  of  being  oo&ted  with  balaanit 

all  of  wliich  may  be  removed  either  by  heat  or  turpentme. 
The  broad  end  of  tlie  handle  will  serve  for  pressing  down  th© 
glass  cover.  By  this  instrument  preparations  arc  adjusted  ta 
their  proper  situationa  in  tlie  balsam,  air  bubbles  are  drawn 
away  from  the  neighbourhood  of  the  object ;  or,  if  necessary, 
they  may  be  burst  by  touching  them  with  the  point  when 
slightly  warmed* 

Spirit  or  Soliir  Oil  Lamp, — For  heating  the  balsam  a  small 
lamp  h  required ;  this  may  be  either  such  a  one  as  is  repre- 
sented by  tig,  189  to  bum  spirit,  or  one  constructed  on  the 
solar  principle  to  burn  oil.  The  former  is  by 
far  the  best,  as  then  there  is  no  fear  of  black*^ 
ening  the  balsam,  which  sometimes  hap] 
with  oil ;  but  the  chance  of  this  is  diiuinished 
by  the  employment  of  a  solar  lamp,  sup- 
l)lied  with  a  glass  chimney  that  extends  three 
inches  or  more  above  the  flame.  In  some 
cases  the  iron  plate  described  at  page  248  for 
cementing  cells  will  be  useful  for  melting  the 
balsiun ;  but  care  must  be  taken  in  the  appli- 
cation of  the  heat,  lest  the  balsam  be  made  to  boil  after  the 
fi|}ecimen  ia  placet!  in  it,  especially  if  it  be  a  portion  of  a 
soft  animal  tiesue;  if,  however,  it  be  some  hard  structure, 
that  heat  will  not  injure,  a  little  boiling  will  be  of  no  con- 
sequence. 

An  old  knife,  with  a  tolerably  flat   edge,    that   may   b^^^f 
warmed  in  the  spirit   lamp,  ^Yl\l  be  very  useful  for  scraping^^ 
away  superfluous  balsam,     A  small  bottle  of  turpentine  and 
a  still  smaller  quantity  of  sulphuric  ether  arc  also  neceseary, 
the  former  will  be  in  constant  requisition. 

To  Mount  SectioTi^  of  IVood, — These  must  be  well  dried 
before  they  are  put  into  balsam,  especiaUy  such  as  have  been 
cut  from  green  wood;  very  transparent  sections  should  be 
charred  or  dyed  brown  by  one  of  the  methods  before  described : 
wo  must  then  proceed  as  follows : — 

The  glass  slide  having  been  wiped  perfectly  clean  with  a 
linen  rag  or  chamois  leather,  may  be  taken  hold  of  at  one  end 


Fig. 189, 
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by  the  wooden  forcepe,  and  be  alightly  warmed  over  the  lainp> 
and  a  small  but  suffieient  (juantity  of  Canada  balsam  placed 
upon  it;  the  glass  is  to  be  slowly  wanned  again,  until  all  traee 
of  air  bubbles  in  the  balsam  hiiB  entirely  disappeared ;  it  may 
now  be  put  n«ide  for  a  moment  or  two,  and  when  the  btdsara 
IS  sufficiently  cool,  the  section  may  be  deposited  in  it,  and  be 
adjusted  to  its  pro|)er  place  by  the  needle  [Miint.     If  there  ure 
no  air  bubbles,  the  cover  previously  warmed  on  its  under 
enrfiiee  may  be  laid  upon  the  balsam  and  be  eiirefuUy  pres?*ed 
flat  with  the  end  of  the  handle  of  the  needle-holder,  to  squeeze 
out  all  the  superHuoua  balsam,  care  being  taken  to  preserve 
the  section,  if  possible,  iu  the  middle  of  the  slide  j  it  will  be 
seen  whether,  in  pressing  the  cover,  the  section  keeps  in  ita 
place,  or  shifts  from  one  side  to  the  other,  the  pressure  must 
then  be  so  eontriveil  as  to  ke^p  it  in  the  middle;   this  may 
often  be  managed  by  moving  the  cover  first  to  one  side  then 
to  the  other,  until  the  section  is  brought  to  the  centre  of  the 
cover,  and  the  cover  to  the  middle  of  the  slide  ;  when  this  is 
accomplished,  the  i^^lide  maybe  put  aside  to  cool  In  a  horizontal 
|x>8ition.      But  supfvo^ing  that  numbers  of  air  bubbles  are 
present,  the  balsam  must  be  made  to  boil ;  the  air  bubbles 
will  then  be  seen  to  go  from  the  centre  to  the  circumferencej 
where  they  mostly  burst ;  if  not,  the  slide  may  be  turned  over 
(with  the  balsam  downwards)  upon  the  flame  of  the  lamp,  and 
the  beat  then  being  apphed  directly  to  them,  they  \\ill  speedily 
disappear,     ^Mien  the  balsam  is  too  fluid  for  the  slide  to  be 
turned  over  and  heated,  the  bubbles  may  be  got  rid  of  by 
drawing  them  with  a  clean  needle  point  away  from  the  centre 
towards  the  circumference,  that  they  may  be  out  of  the  field 
which  the  thin  glass  ikviU  cover;  the  nee<lle  jmint  is  then  to  be 
made  warm  in   the   lamp  and   tlie   bubbles  touched  with  it, 
when  they  will  burst  and  di^ipfvear  as  in  the  former  methods. 
Should  the  balsam  be  too  hot  w'hcn  the  st'Ction  is  put  into 
it,  the  latter  will  probably  curl  up  and  numbers  of  small  air 
bubbles  arise ;  when  this  is  the  case,  time  will  be  saved  if 
the  section  be   removed  and  placed  cither  in  ttu^>entine  or 
ether,  and  a  fresh  sUde  taken,  new  balsam  put  on  it,  and  the 
process  gone  over  again,  iufiteail  of  using   balsam    with   an 
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infinity  of  siuall  bubbles  in  it  Should  the  slide  on  which  the 
balsam  has  been  boiled  not  be  wanted  again  immediately,  it 

may  be  placed  in  i\  convenient  vessel  with  some  turpentine^ 
whifh  will  dissohe  all  the  hani  balsam,  and  the  shde  will  be 
perfectly  cleaned  and  ready  tor  iiae  again  in  a  few  days. 

Some  j>€i"song  keep  their  Canada  balsam  in  a  tin  vessel  that 
can  be  warmed  so  bb  to  melt  the  balsam ;  a  small  quantity  of 
this  may  be  taken  out  when  iuid  and  dropped  ujion  the  object 
previously  arranged  upon  the  slide ;  tiiis  plan  is  attended  with 
little  or  no  risk  of  air  bubbles.  The  cover  should  be  warmed 
on  its  under  siuface  before  it  is  hud  on  the  balsam,  and,  if 
necessary,  a  small  amount  of  heat  may  be  applied  to  the 
under  aide  of  the  slide  to  make  tiie  balsam  flow  more  readily. 

Animal  Structures, — When  animal  structures,  such  as  partfl 
of  insects  or  injections,  have  to  be  mounted,  the  heating  of  the 
balsam  must  be  carefully  managed,  and  the  balsam  itself  be 
very  fluid  to  comiuenee  with;  it  should  be  sufficiently  warmed 
to  expel  all  air  bubbles,  and^  when  nearly  cold,  the  object 
should  be  placed  in  it,  and  covered  over  in  the  usual  way ;  if 
the  heat  be  great,  the  olijcct  is  sure  to  curl  up,  and  bubbles 
appear  in  alt  parts ;  it  will  most  likely  be  rendered  useless,  as 
no  manipulation,  however  carefully  applied,  wiU  restore  an 
overheated  specimen  of  animal  structure  to  its  former  beauty. 

It  often  happens  that  opaque  objects,  such  as  the  elytra  of 
beetles,  and  tliick  pieces  of  injection,  requii*^  to  be  mounted 
in  one  or  other  of  the  cells  described  in  page  258 ;  when  tluft 
is  the  case,  it  becomes  necessary  to  use  very  fluid  balsam  for 
the  purpose;  but  not  euch  m  has  been  tliinneil  previously 
with  turpentine,  as  the  author  has  found  by  experience 
that  although  the  celk  be  carefully  covered  over,  without  any 
trace  of  air  bubbles,  these  will,  nevertheless,  appear  in  a 
few  days  J  and  he  has  ascertained  that  they  are  caused  by 
mixing  turpentine  with  the  Canada  balsam  to  make  it  more 
fluid ;  for  although  they  have  all  the  appearance  of  bubbles 
of  air,  that  have  either  gained  entrance  from  without,  or  have 
escaped  from  the  preparation  itself,  they  are  not  really  such, 
but  are  little  vacuities  in  the  balsam,  occasioned  by  the  tur* 
pentinc  not  freely  mixing  with  it  at  first,  but  after  a  time 
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daiiig  so;  and  as  the  two  when  united  occupy  leas  space  than 
when  seimrate,  these  little  vjicuitiee  are  the  result.  Hence  it 
beeotiies  neceBsary,  when  objectB  are  mounted  in  cells  with 
Cunadri  bakam,  that  the  balsam  should  be  ncw^  and  very  Huid, 
and  that  before  the  cover  ie  put  on,  the  baUam  should  be 
allowed  to  remain  in  the  cell  with  the  object  for  8onie  hours, 
or  even  days,  if  necessary^  my  timt  all  air  bubbles  may  rise  to 
the  surface  and  burst ;  when  tliis  has  taken  place,  the  cover 
having  been  warmed  on  it.-*  under  gurihce,  miiy  be  laid  upon 
the  balsam  and  prci^sed  in  tljc  u^ual  manner,  in  orfler  to 
exclude  all  that  is  superfluous.  If  tlie  balsam,  how^ever,  has 
been  thinned  with  tnqjcntine,  the  chances  are  that  the  vacui- 
ties will  apfK'ar,  and  to  remove  them  it  becomes  ncccssarv  to 
take  ofi'  the  cover  and  fill  up  the  cell  with  fresh  balsam,  which 
may  be  avoided  if  attention  be  jmid  to  the  above  directions. 

In  warm  weather  the  vacuities  become  small,  or  may  even 
ili^uppear  entirely;  but  wdien  winter  approaches  they  will 
reappear,  and  according  to  the  amount  of  cold,  so  will  the 
vac'uities  increase  iii  size. 

J^'assil  Infusoria^  Sec — These,  together  witli  spicula  of 
sponges  and  object*  of  a  siliceous  nature,  which  have  been 
diBSolved  out  by  acid  from  a  calcareous  or  other  matrix,  may 
be  very  easily  mounteil  in  balsam  witliout  air  liubbles  by  pur- 
suing the  following  plan  : — If  the  objects  should  be  in  fluid,  a 
small  (piantity  of  the  sodiment  in  which  they  are  contained 
may  be  taken  up  by  one  of  the  tubes  shown  at  fig.  75,  and 
placed  upon  a  number  of  slides,  and  each  slide  examined  by 
the  microecojKJ ;  those  containing  good  s|>eciinens  shoidd  be 
laid  aside  for  mounting,  whikt  the  others  may  be  cleaned  oflT, 
If  one  of  the  slides  fixetl  upon  for  mounting  be  held  over  die 
lamp,  the  fluid  will  HjH^edily  eva|x>rate  and  leave  the  objects 
behind ;  whilst  this  is  going  on,  the  needle-point  may  be 
used  to  stir  and  keep  them  from  collecting  ti^etber;  and  so 
large  a  space  should  be  made  on  the  glass  as  not  to  exceed 
the  dzc  of  the  thin  glass  cover ;  the  objects  should  be  all  kept 
aa  nearly  aa  possible  within  this  space,  and  uot  be  allowed  to 
get  near  the  outer  margin.  Should  many  impurities  be 
present  with  the  infusoria,  they  will  be  almost  certain  to  collect 
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at  the  margin  of  the  fluid  as  it  evaporates.  The  cover  in 
these  cases  should  be  only  so  large  aa  to  reach  nearly  to  the 
margin.  The  ring  of  impurities  may  be  scraped  away  afler 
tlie  cover  is  fixed  on,  tlie  whole  field  being  then  left  perfectly 
dean. 

When  all  the  fluid  has  evaporated,  the  balsam  mav  be  used 
as  follows : — A  small  drop  of  it  ha\ing  been  placed  upon  the 
fiHde  on  one  side  of  the  sfwt  where  the  objects  are,  this  is  to 
be  heated  until  all  air  bubbles  have  {lisappeared ;  the  slide  is 
then  to  be  tilted  to  allo^v  the  balsam  to  run  down  over  the 
infusoria,  the  cover  previously  warmed  is  to  be  laid  upon  it 
and  pressed,  and  the  object  finished  in  the  usual  manner. 

Wlien  objects  of  a  cellular  nature  have  to  be  mounted,  if 
they  are  such  that  heat  will  not  much  injure,  they  may  be 
boiled  in  tlie  balsam,  otherwise  numbers  of  air  bubbles  will  be 
left  iu  the  cells,  and  the  true  i?tnicture  cannot  then  be  satia- 
factorily  made  out ;  the  extra  degree  of  heat  will  expand  the 
air,  and  cause  it  to  make  its  cscajx*,  whilst  tlie  balsam  will 
occupy  its  place.  Some  objects  of  a  tulnilar  nature,  such  afl 
the  tracheie  of  insects,  are  much  better  seen  if  air  be  contained 
in  tlie  tubes,  they  will  then  exhibit  the  spiral  fibre  in  their 
interior;  but  a  tracheal  tube  filled  with  balsam  does  not  show 
tlie  fibre  at  all,  in  consequence  of  the  baleani  having  rendered 
all  the  parts  so  transparcuL  Small  insects,  such  as  fleas  and 
parasites  of  animals  generally,  when  not  over  heated  in  the 
balsam,  exhibit  remarkably  well  the  ramifications  of  the 
trachea? ;  but  those  which  have  been  soaked  for  a  long  time 
in  turpentine,  or  have  had  the  mr  expelled  from  the  tubes  by 
heat,  do  not  exhibit  the  spiral  markings  at  all,  unless  under 
polarised  light,  when  they  again  may  be  rendered  viable* 
These  points  show  the  necessity  of  attending  to  tl\e  manage* 
ment  of  the  heating  of  tlie  balsiim  j  when  air  is  to  be  got  rid 
of,  the  heat  must  be  liigh,  and  w^hen  the  air  is  nccefisary  t4> 
be  presened,  the  use  of  turpentine  must  be  avoided,  the 
heat  of  the  bidsam  must  be  as  low  as  possible,  and  the  mount- 
ing accomplished  quickly,  in  oi-dcr  that  the  air  may  not  have 
time  to  expand  very  much. 

Foraminifera^  ^r. — Certain  chambered  shells,  of  the  order 
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tbmminifeni,  and  many  of  the  siliceous  loricae  of  inftisoria,  that 
also  have  ca\itie8  in  their  interior^  are  very  difficult  to  mount 
ui  bali«4im,  go  as  to  get  rid  of  all  tJie  ah*  from  their  interior, 
even  boiling  will  not  always  answer;  for  thh  purpose  the  aid 
of  an  ^r  pump  or  exhausting  syringe  will  be  neceesary.  Mr. 
Matthew  )Iar shall,  who  has  paid  considerable  attention  to  this 
Bubjcct,  employs  a  very  strong  square  copper  vessel,  pro\'ided 
with  a  stop-cock  ;  into  this  boiUng  water  is  poured,  and  it  is  then 
placed  upon  the  plate  of  an  air-pump,  the  slides  containing  the 
objects  from  wliich  the  air  is  to  be  abstracted  are  laid  u^^mju 
the  copper  veaflel,  tlie  heat  of  which  is  sufficient  to  keep  the 
balsam  very  fluid ;  the  receiver  is  then  to  be  placed  upon  iJie 
pump  plate  and  exhausted ;  air  will  soon  be  seen  to  make  its 
escape  in  bubbles  from  the  objects  and  from  the  balsam,  and 
when  again  it  is  admitted  into  the  receiver,  tlie  bubbles  will 
disappear,  and  the  balsam  will  be  found  to  have  run  info  all 
the  cellular  parts  of  the  objects,  and  to  occupy  the  place  the 
air  originally  did.  Shoidd  all  the  air  not  be  got  rid  of  by  the 
first  exhaustion  of  the  receiver^  the  operation  maybe  repeated 
until  the  desired  effect  is  produced.  The  air-pump  is  also 
extremely  uselid  for  mounting  objects  on  a  large  scale  without 
air  bul>blcs;  several  of  these  being  placed  between  glasses,  and 
secured  in  their  proper  places  by  string  or  fine  wire,  may  be 
placed  upright  in  a  tin  vessel  containing  balsam  liquefied  by 
heat;  the  vessel  (as  soon  as  the  objects  are  adjusted)  is  to  be 
placed  under  tlie  receiver  and  exhausted,  the  air  confined 
between  the  glasses,  as  well  as  that  from  all  parts  of  the  object, 
will  escape,  and  the  hot  balsam  will  occupy  its  place.  \Vlien 
the  bidsimi  has  penetrated  every  part,  the  slides  may  be 
taken  out  and  laid  in  a  horizontal  position,  and  when  cold  are 
ready  to  be  cleaned  off  as  follows : — 

Cleaning  Baham  frarn  the  Slides. — For  this  purpose  an  old 
knife,  some  rags,  together  with  tuq>entine  and  a  small  quantity 
of  ether  will  be  required.  If  the  lialsam  be  very  fluid,  it  may 
be  wiped  off  with  a  rag  dippc<l  occasionally  in  turpentine  ;  but 
if  rather  hard,  the  flat-bladed  knife,  warmed  in  the  spirit- 
lamp,  will  readily  remove  the  greater  portion,  whilst  the 
tuii)entine  I'ag   and  a    thin  sharp  knife    will   clean   oflT   the 
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remainder.    Some  persons  scrape  away  every  particle  of  balsam 
from  the  edges  of  tlie  cover;  the  author,  however,  prefera 
leaving  a  little  tliere,  which  he  cuts  in  a  eloping  direction,  at 
an  angle  of  about  45^,  as  he  considers  that  a  little  embank- 
ment of  this  mnterial  tends  to  secure  the  cover  more  firmly  to 
the  slide,  and  to  prevent  the  ingress  of  air.     Objects  that  hai-e 
been  mounted  for  some  time  in  balsam  should  be  handled 
with  care,  as  they  are  very  easily  damaged^  even  in  being 
wiped,  and  a  sudden  blow  or  jar  is  nearly  always  attended 
with  a  pai'tial  sepamtion  of  the  balsam ;  this  is  known  by  the 
appearance  of  coloured  bands  or  rings  from  the  thin  film  of 
air  tlint  has  gained  entrance  between  the  glasses,     ^\1ien  tliis 
has  happened,  heat  should  be  applied  both  to  the  cover  and 
slide,  and  as  soon  ua  the  balsam  is  melted,  the  cover  should  be 
firmly  pressed  down  until  the  rings  have  entirely  disapi>eareA 
The  risk  of  this  accident  will  be  materially  lessened  if  the 
slides  be  coated  with  i>aper.     Ether  is  the  best  solvent  of 
Canada  balsam,  but  the  cost  of  it  prevents  its  frequent  use ; 
in  some  delicate  ope  ratio  ns^  however,  it  is  indispensable. 

Other  points  particidarly  to  be  attended  to  in  the  mounting 
of  different  classes  of  objects  will  be  alluded  to  in  the  part  of 
the  work  devoted  to  the  description  of  the  mode  of  preparing 
them ;  the  rules  above  laid  down  will,  however,  be  applicable 
to  by  far  the  greatest  majority  of  objects,  and  only  certain 
modifications  of  these  will  require  separate  men  lion. 


CHAPTER  VIIL 

METHOD  or  MOUNTING  OBJECTS  IN  THE  DRY  WAT, 

Many  very  delicate  structures,  when  placed  either  in  fluid  or 
in  Canada  balsam,  lose  several  of  their  most  striking  chanic- 
ters;  these  should  be  mounted  dry.  Amongst  them  luay  be 
mentioned  sections  of  teeth  and  bone,  and  of  some  kinds  of 
wood*  liairs  of  animals,  scales  of  butterflies,  and  uther  insects^ 
M  of  wliich  nmv  be  best  examined  in  this  condition.     Various 


methods  have  been  practised  troiu  time  to  time;  one  of  the 
oldest,  perhaiii!,  was  tliat  of  enclosing  the  object  between  two 
circular  pieces  of  talc,  which  fitted  into  a  hole  cut  ont  of  wood 
or  ivory,  and  were  kept  there  by  a  ring  of  bniss  wire ;  four  or 
more  of  these  holes  were  made  iti  one  etrip  of  ivory,  and  the 
Dfime  given  to  it  was  a  slider  ;  tliis  plan  is  now  only  adopted 
with  the  inferior  microscopes,  and  ha^  given  place  to  others 
more  generally  ui^efuL 

First  MethiMi^ — A  thin  plate-glass  slide  having  been  selected 
and  cleaned,  the  olijeet  is  to  be  laid  upon  it,  and  over  this  i^ 
phiced  a  cover  of  very  thin  glaas^  a  little  larger  each  way  than 
die  object ;  the  plan  of  securing  the  cover  is  as  follows : — If  a 
very  liquid  cement  were  used,  it  would  immeiliately  run 
between  the  glasses  and  obscure  the  object ;  therefore  if  gold- 
size  be  selected,  it  should  be  the  oldest  and  toughest.  Tliick 
sealing-wax  varnish  has  less  tendency  to  nm  in,  l>Ttt  the  best 
cement  of  all  will  be  foimd  to  be  that  deis<"ribetJ  at  pf^c  269, 
as  being  used  for  electrical  purfjoses ;  this,  when  made  warm 
in  a  ladle,  can  be  laid  on  with  a  brush,  and  afterwanJs  made 
very  smooth  with  a  piece  of  iron  wire  heated  in  the  spirit 
lamp,  and  when  cold  can  be  trimmed  off  in  any  way  by  a 
knife;  as  soon  as  the  angle  between  the  cover  and  slide  is 
filled  up,  the  cover  may  be  more  securely  fastened  down  by 
employing  the  gold-size  or  one  of  the  litpiid  cements;  either 
of  these,  besides  adding  to  the  strength  of  the  first  coat,  may 
be  employed  as  the  colouring  agent,  and  so  improve  the 
appearance  of  the  inoimting  as  well. 

Second  MethmL — Many  persons  adopt  the  plan  of  fixing  the 
cover  to  the  slide  by  means  of  paper  pasted  over  both,  a  small 
hole  is  cut  out  of  the  centre  of  the  paper  for  the  object  to  be 
examined;  it  has,  however,  been  found  in  practice  that  all 
preparations  so  mounted  are  very  liable  to  the  growth  of 
conferva?  about  them,  occasioned  by  the  moistening  of  the 
paper  by  the  employment  of  paste  or  other  cement,  A  pre- 
paration mounted  at\er  the  manner  of  that  first  described,  with 
cement  round  the  edges  of  the  cover,  will  look  very  neat,  and 
be  rendered  much  stronger  by  the  addition  of  paper,  especially 
such  m  that  employed  by  Mr.  Topping  and  others  for  the 
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purpose ;  or  tliat  of  which  a  epecimen  is  given  at  the  end  of  a 
recent  publication,  entitled  Microscopic  Objects, 

Test  objects  are  genemlly  mounted  with  a  very  tliin  glass 
cover,  that  is  kept  on  with  paper ;  a  much  better  plan,  how- 
ever, hafi  been  lately  contrived  by  Mr,  W<  S.  Gillett,  whose 
akiU  in  these  matters  is  so  well  known.  In  mounting  the 
siliceous  lorica^  of  Navicula  hippocampus  and  angidaia^  the 
scales  of  the  podura  and  other  insects  for  test  objeete,  he  has 
found  it  necessary^  to  employ,  not  only  the  thinnest  kind  of 
glass  for  covers,  but  for  the  bottom  plates  a^s  well ;  as  it 
becomes  of  the  greatest  importance  that  the  lens  employed 
with  the  achromatic  condenser  sliould  be  of  high  power,  and 
be  brought,  therefore,  as  near  the  object  as  possible,  the  two 
best  plans  adopted  by  Sir.  Gillett  may  be  here  de:*cribed. 
In  the  first,  two  square  pieces  of  the  tliinnest  glass,  of  unequal 
size,  having  been  provided,  the  object  is  to  be  placed  upon  tlie 
under  surface  of  the  smaller  square,  wlilch  is  intended  to  form 
the  top  or  cover,  a  small  piece  of  wax  is  now  to  be  applied  to 
each  comer,  and  the  top  may  then  be  laid  upon  the  bottom 
piece,  tlie  wax  serving  to  keep  the  two  glasses  together. 
Two  thin  pieces  of  some  kind  of  close  grained  wood,  three 
inches  long,  one  wide,  and  about  one-tenth  thick,  as  sho^^Ti  at 
figs.  190  and  191,  are  also  to  be  provided       Fig.   190  ah 

represents  the  outer  sur- 
face of  one  of  these;  in 
the  middle  there  is  an 
aperture,  half-an-inch  or 
more  in  diameter,  whose 
margin  is  bevelled  off,  as 
shown  at  r.  Fig.  \%l  de 
exhibits  tlie  inner  surface 
of  the  corresponding  piece, 
and  at  ff  are  seen  five 
cutjs  made  in  it  with  a 
saw,  which  do  not  quite 
go  through  the  wood; 
between  these  two  slices  the  thin  glasses  containing  the  object 
are  placed,  and  tbe  two  pieces  of  wood  are  firmly  fastened 


Fig.  190. 
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Fig.  191. 
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together  by  {our  very  short  brasa  screws,  the  saw  cuttings 
allowing  the  two  opposed  eurfaces  of  the  wood  to  be  brought 
into  close  appoeitjon  at  the  ends;  a  sect  ion  of  an  object  eo 
mounted  is  pepresented  by  fig.  192,  in  which  aL  exhibits  tlic 


j'y^ 


Fig.  192, 


pieces  of  wood,  r  the  squares  of  thin  glass  having  the  object 
between  them,  and// the  4?aw  cuts  which  alhjw  the  ends  of 
the  wood  to  be  brought  into  close  approximation  by  the 
screws.     The  other  phtn  of  mounting  is  shown  in  fig*  193,  y  A 


Fig.  193. 

representa  a  wooden  slide  similar  to  that  sliown  by  fig,  1 90, 
having  a  hole  about  half-an-inch  in  diameter  cut  out  of  the 
middle ;  the  upi^T  surface  of  this  hole  is  flat,  but  the  under 
surface  is  very  much  bevelled  away  at  e  e  ;  upon  the  flat  sur- 
face the  two  plates  of  tliin  glass,  with  the  object  between  them, 
are  laid ;  these  are  kept  in  proixT  position  by  a  layer  of  paper 
1 1,  which  covers  the  whole  of  the  dipper  surface  of  the  wood, 
and  ad  much  of  the  thin  glass  as  may  be  required.  Mr. 
Gillett  has  improved  upon  the  first  plan  of  mounting  by 
intrc»ducing  between  the  two  plates  uf  wood  at  each  end  a 
strip  of  metal  a  very  little  thicker  than  the  two  thin  glasses; 
the  saw  cuts  are  present,  but  the  screws  are  applied  between 
the  strips  of  metal  and  the  thin  glass,  and  not  near  the  ends, 
as  secu  in  fig.  192,  The  strips  of  metal  keep  the  ends  of  Uie 
wood  open,  and  the  screws  pinch  tlic  middle  more  firmly 
down  on  the  thin  glasses ;  they  arc,  therefore,  more  securely 
fixed  than  by  the  former  method.  The  wood  employed  for 
the  purpose  of  making  these  slides  sliould  not  be  either  cedar, 
wainscot,  or  any  other  of  the  kinds  that  are  continually  giving 
oflT  gome  volatile  matter,  but  shoidd  be  some  close-grained 
wood  that  hm  no  smell  whatever.  In  the  preceding  descrip- 
tion it  was  stated  that  the  thin  glasses  were  kept  together  by 
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a  little  piece  of  wax  at  each  comer ;  if  necessary,  however, 
Canada  balsam  may  be  employed  to  moimt  many  of  the 
specimens,  eur-li  as  several  of  the  species  of  naviciihe  that  are 
used  as  testi?,  tlie  balsam  having  the  great  advantage  of  ren- 
dering the  risk  of  fracture  much  le&a  frequent  When  thicker 
objects,  such  as  sections  of  bone,  teeth,  or  wood,  require  to  be 
mounted  dry,  some  thin  form  of  cell  should  be  employed ;  this 
may  be  made  out  of  writing-pa  pen  or  card- hoard »  by  selecting 
a  piece  of  the  same  size  as  tlie  cover  about  to  be  employed, 
and  cutting  out  a  hole  in  it  of  the  t^hape  required,  and  cement- 
ing this  to  a  shde  by  sealing-wax  varnish ;  when  the  spirit 
has  evaporated  and  the  cell  is  firmly  fixed  to  the  glass,  a 
coating  of  the  same  cement  may  be  employed  to  cover  the 
entire  upper  surface  of  the  cell,  and  to  thoroughly  satmiite 
the  paper,  ^Alien  this  coating  is  dry,  the  cell  is  fit  for  use  ; 
the  object  being  Iiiid  in  it,  tlie  thin  glass  cover  may  be  put  on 
by  first  toueliing  the  edges  of  the  cell  with  some  very  thick 
sealing-wax  cement,  and  then  dropping  the  cover  on  it  j  the 
cover  will  be  held  in  its  place  by  the  varnish,  and  the  slide 
should  now  be  put  away  until  the  varnish  is  dry,  when  another 
small  quantity  of  the  same  material  is  to  be  apphed  round  the 
edges  of  the  cover,  but  not  enough  to  nm  far  under  it ;  as 
soon  as  tJie  last  coat  is  dried,  then  another  may  be  laid  on 
until  the  cover  is  firmly  fixed.  Cells  may  also  be  made  of 
the  electrical  cement,  described  at  page  269,  for  the  reception 
of  thin  objects,  by  painting  it  on  the  slide  in  the  shape 
required.  The  object  being  placed  within  a  cell  so  formed, 
may  be  fixed  down  by  makitig  the  edges  of  the  cover  sufficiently 
hot  in  a  spirit  lamp  to  melt  the  cement  when  it  is  laid  ujKJn  it. 
Shoidd  this  be  ineftectually  performed,  a  small  heated  %vire 
apphed  to  the  glass  or  to  the  cement  will  readily  accomplish  it. 
If  such  a  ceO  as  this  does  not  look  neat,  the  slide  may  be 
covered  with  paper,  with  a  hole  in  it  sufticiently  small  to  hide 
all  appearance  of  the  cement.  Gutta  percha  rolled  out  into 
sheets,  and  cut  out  with  a  knife  or  with  punches  of  the 
required  size,  may  also  be  employed  as  a  substitute  for  the 
paper ;  but  it  is  difficult  to  make  it  stick  to  glass  unless  some 
solvent  of  it  be  used  as  the  cement.     Even  the  small  elastic 
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bands  mude  of  vulcanized  India-rubber  will  answer  for  thicker 
objects,  or  the  glass  rings  or  cells  that  have  previously  been 
de8<^ribed  to  contain  objects  nioimted  in  fluid,  will  all  do 
equally  well  for  such  iis  require  to  be  mounted  dry» 

Mr,  Darlwrs  MctlunL — Objects,  such  as  sections  of  wood, 
that  do  not  require  a  high  |)ower  for  their  examination,  may 
b^  mountt^d  in  a  very  neat  way  after  an  excellent  plan  iirat 
practised  by  Mr,  Darker,  The  following  description,  abridged 
slightly  from  tbmt  given  in  a  recent  work,  entitled  Microscopic 
Objects^  will  convey  a  good  idea  of  the  method  to  be  adopted 
for  this  purpose  : — "  Two  slides  of  equal  size  being  selected, 
the  edged  of  efu;h  should  be  bevelled  off  on  the  mcta.1 
plate,  as  represqnted  by  fig.  194,  so  that  when  they  are  put 


I 


Fig.  \u. 

together,  a  groove  or  channel  is  fonned,  as  shown  at  //  in  the 
figure*  The  surfaces  having  been  cleaned,  the  bevelled  parts 
are  to  be  coated  with  a  thin  layer  of  sealing-wax  varnish ; 
when  this  is  dry,  a  label,  if  required,  may  be  gummed  to 
tile  Ixjttom  slide,  and  then  the  objects  may  also  be  laid  on 
it;  if  it  be  necessary  to  keep  them  in  place,  the  smallest 
possible  quantity  of  gum  may  be  applied  to  one  comer ;  the 
top  plate  is  now  to  be  liud  on  the  specimens,  one  of  the 
edges  is  then  to  be  heated  in  the  flame  of  a  spirit  lamp,  and 
the  groove  filled  with  sealing-wax,  as  shown  at  a ;  when  one 
etige  is  done,  the  otlicrs  are  to  be  heated  in  the  simic  inannor, 
untU  the  entire  groove  is  filled  with  the  wax,  which  thus  a(!ta 
two  purposes,  one  to  keep  tlie  slides  together,  and  tlie  other 
to  prevent  the  access  of  air.  The  excess  of  wax  may  be 
cleaned  oflT  irom  the  edges  by  rubbing  them  upon  sand- 
paper laid  on  a  flat  board,  until  they  are  emo^^th ;  if  bright 
edges  be  required,  they  may  be  passed  quickly  through  the 
flame  of  the  spirit  lamp.  It  must,  of  course,  he  borne  in  mind 
tliat  all  objects  mounted  in  this  way  should  be  made  perfectly 
19 
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dry  before  they  are  sealed  up.  The  author,  some  years  ago, 
was  presented  with  a  collection  of  sections  of  wood  by  Mr. 
Darker,  wliich  have  not  only  kept  in  theb*  pku-es,  hut  are  as 
perfect  and  as  free  from  conferva  as  when  they  were  first 
received  They  are  aU  labelled  after  a  very  excellent  plan, 
viz.,  by  having  the  generic  and  specific  name  on  one  side  of 
the  label,  and  the  i>opidar  on  the  other. 


CHAPTER  IX 


MOCNTING  OPAQUE  OBJECTS. 

Opaque  objects  may  be  mounted  in  various  ways: — on  < 

on  cylinders,  on  glass  slides,  or  in  cells. 

On  Dtsvs, — The  discs  consist  of  circular  pieces  of  some  soft 
material,  through  which  a  pin  is  passed ;  they  may  vary  in 
diameter  from  a  quarter  to  one  inch ;  one  kind  may  be  con- 
veniently mjide  by  glueing  together  two  pieces  of  card-board, 
with  a  piece  of  rather  tWck  chamois  leather  between  them^ 
and  then  cutting  out  with  a  punch  tliscs  of  any  required  size* 
Through  the  chamois  leather  a  long  but  strong  pin  is  to  be 
passed  in  the  direction  shown  by  fig.  195 ;  the  discs  may 
be   made    black    with    lamp-black   (that  sold  in 

i     shops  in  tlic  moist  state  in  little  oblong  saucers 
will  be  found  the  best) ;  or  with  lacker  in  which 
lamj>-black  has  been  mixed;  in  this  latter  caae 
they  should  be  warmed  eitlier  before  the  lacker 
is   applied  or   afterwards,    to  diy   it     The   felt 
which  is  used  m  gun-wadding,  or  tlie  pellets  that 
are  sold  ah^ady  cut  out  for  guns,  may  be  substi* 
tuted  for  the  card-bo^Tixl  and  chamois  leather,  or 
even  leather  itself  may  be  used  with  advantage. 
Fig.  195.     Transverse  slices  of  small  phial  corks  are  very 
good,  but  to  make  them  look  well,  they  should  have  their  cut 
surfaces  covered  with  black  paper,  which  renders  their  manu- 
facture rather  more  troublesome. 
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Upon  these  discs  the  objects  are  to  be  cemented  ;  this  may 
be  readily  done  either  with  some  tliick  lamjHhhK'k  or  with  tlie 

t  lacker  and  lami>-black,  both  theee  cements  having 
the  advantage  of  being  of  a  dull  black,  and  not  of  a 
shiny  a^^peet  a^  gum  or  ad  sealing- wtix  dissolved  in 
spirits  of  wine,  which,  on  this  accoant,  are  objec- 
tionable, the  diirker  an  object  is^  the  more  clark 
onglit  the  Jise  to  be ;  white  discs  should  be 
avoided,  n&  they  reflect  the  light  and  interfere  with 
Fig*  196.  correct  definition.  Objects  may  be  placed  upon 
both  sides  of  the  discs,  or  one  side  may  be  oc- 
cupied by  a  number  for  the  sake  of  reference,  and  this 
side  may  be  either  left  white  or  black  ;  if  black,  the  mmibcr 
may  be  put  on  in  white,  or  a  printed  one  with  a  white  margin 
may  be  used.  Five  different  ways  of  mounting  objects 
on  these  discs  are  shown  by  figs.  195-G-7  ;  in  the  first,  where 
tlie  objects  are  thick,  they  may  be  simply 
cemented  to  the  disc;  in  the  second  is 
m  ^     seen  a  plan  which  answers  very  well  for  the 

I  ^  H  capsules  of  mosses,  viz.,  to  glue  a  small  piece 
^fl^^il  of  cork  to  the  lower  siuface  of  the  disc,  and 
^H^9  to  attach  the  little  stems  of  the  capeides  to 

^^^^  tins,  they  C4in  then  be  arrancred  in  the  best 

I       ^  ^^^7  ^*^^  viewing  their  mouths ;   in  tlie  thiixl 

I       T  '      and  fourth  way  the  same  thing  is  shown,  but 
'  ^^^^      a  sraaJl  circle  of  cork  is  employed  instead  of 
^^^n     a  larger  piece.      And  in  the  fitith  is  exliibited 
^^B^     the  method  of  mounting,  so  that  the  side  of 
the  object  as  well  as  the  front  may  l>e  ex- 
amined. 

When  it  is  necessary  that  both  sides  of  an 

object  should  be  viewed,  a  disc,  an  inch  or 

Fig.  197.        more  in  diameter,  may  be  used,  out  of  which 

a  small  disc  has  been  punched,  as  shown  by 

fig.  198,  but  not  exactly  in   the  centre;  through  the  broad 

part  the  pin  is  passed,  and  the  object  may  be  cemented  to  one 

of  the  eades,  or  what  is  better,  if  it  can  be  managed,  is  to 

gefmrnte,  by  means  of  a  penknife,  the  chamois  leather  fr6m 
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one  of  the  cards,  and  into  this  fissure  to  place  the  object,  the 
application  of  a  little  cement  being  required  to  keep  it  there- 
Supposing  the  object  to  be  a  portion  of  fern,  this  plan  will 
enable  an  observer  to  view  both  sides  of  it,  or  even  look 
throun-h  it,  and  if  at  any  time  the  disc  were  laid  flat  on  the 
^  table,  the  object  would  be  preserved  finom 

T  injury  by  being  situated  in  a  plane  inter- 

I  mediate  between  the  two  outer  sidea^    Sup- 

^^H^^  posing  very  small  discs  are  required^  Ibfr. 
^^^^(PljJ^  George  Jackson  has  demised  an  excellent 
^V  H   method,  whereby  with  pins  and  black  eealing- 

^^^^       ^m    wax  some  useful  oues  may  be  made  in  the 
^^■^^r       following  way : — Take  a  long  pin  and  slightly 
1  warm  it  in  the  middle,  then  take  a  stick  of 

I  black  sealing-wax  and  melt  it  in  the  flame 

'  of  a  candle  or  spirit  lamp;   baring  put  a 

Fig.  198.  small  quantity  upon  the  middle  of  tlie  pin, 

hold  the  latter  either  in  the  flame  of  the  lamp  or  near 
it,  and  as  the  wax  melts  revolve  tlie  pin  on  its  axis ;  if 
this  be  flane  rather  quickly,  the  sealing-wax  will  be  equally 
distributed  about  the  pin»  the  pin  then  should  be  immediately 
removed  from  the  flame,  and  be  placed  upon  a  piece  of  glass, 
and  the  wax  pressed  upon  by  another  piece  of  glas^,  00  as  to 
convert  the  globule  into  a  flat  disc.  Upon  these  disca  the 
objects  may  be  mounted  in  the  usual  way.  A  little  practjce 
will  enable  a  person  to  make  them  easily,  and  of  a  circular 
figure ;  they  may  be  also  made  of  an  oval  shape  by  spreading 
out  the  wax  on  the  pin,  and  being  careful  that  the  thicker 
part  of  it  occupies  the  centre  of  the  pin,  and  not  one  of  the 
ends,  otherwise  irregular  shapes,  and  not  true  ovals,  will  be 
the  result.  The  ground  upon  which  the  object  is  to  be  placed 
is  necessarily  shiny*  but  it  can  easily  be  made  to  assume  a 
dead  black  hue  by  scraping  it  with  a  knife.  Discs  so  made 
are  very  durable,  and  have  a  neat  appearance. 

On  Ciflmders. — These  may  be  made  of  cork,  wax,  or  ivory, 
of  the  shape  represented  by  fig.  199;  the  pin  may  be  paased 
either  through  the  long  or  the  short  axis  of  the  cylinder ;  00 
that  an  object  may  be  mounted  on  the  ends  of  the  latter,  or 
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on  the  side  of  the  former*     Gutta  percha,  which  is  now  coming 

into  Ufl6  for  lathe  bandfi,  and  may  be  obtained  of  nearly  any 

8126,  can  be  cut  into  lengths  of  half-an-inch  or  more,  and   a 

pin  heated  to  a  temjKjratni-e  a  little  above  that  of  boiling 

water  may  be  readily  passed  through  them,  and 

T  when  cold  will  be  fixed  very  tightly. 

I  Oft    Slides. — This  ie   most    easily   done   by 

I  pimching  out  from  black   pajKT  little   circles 

^B0  I  I    from  the  one-fourth  to  one  inch  in  diameter ; 

I         H    these  may  be  stuck  either  with  gum  or  paste 

I         H    upon  the  ordinary  sized  glass  slide,  as  shown  by 

I  I      fi*i;,  200 ;  upon  these  black  discs  tfie  objects  may 

I  I      be  fixed  with  any  of  the  cements  before  alluded 

to,  and  in  tlie  same  manoer  a^  on  those  of  card- 

Fjg,  199.       board   or   leather.       They   possess   this  great 

advantage,  that  they  may  bt;  iiminged  in  a  cabinet  with  other 

objects,  which  cannot  be  done  with  those  on  the  pins;  but 
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Fig.  200. 

they  are  very  liable  to  be  injm^ed  materially  by  dust  and  dirt, 
and  only  small  shells  or  objects  that  cannot  be  damaged  by 
wiping  with  a  camelVhair  jiencil,  ought  to  be  mounted  in 
this  way. 

In  Celh. — For  this  purpose  it  will  be  fomid  convenient  to 
use  cells  not  exceeding  half-an-inch  in  diameter,  or  the  size  of 
the  largest  dark  stop ;  they  may  be  cut  from  large  barometer 
tubes  of  any  required  thicknese,  and  are  to  be  cemented  to  the 
slides  with  marine-glue  in  the  usual  manner.  After  the  cell 
has  been  cleaned  and  the  cover  and  object  selected,  some 
black  sealing-wax  vamish,  rather  tJiick,  may  be  dropped  into 
the  Ijottom  of  the  cell;  upon  tliis  the  object  may  be  laid, 
the  vanxish  will  serve  a  two-fold  purpose;  first,  as  a  cement  to 
keep  the  object  in  its  place,  and,  secondly,  as  a  stop  to  prevent 
the  trammiifion  of  light  Wlien  the  sealing-wax  has  become 
hard,  the  cover  mav  be  laid  on :  this  can  l>e  eflfected  in  one  of 


294 


MANIPULATION. 


two  ways,  either  by  the  plan  recoraroended  for  the  thin  dry 
cells,  or  by  putting  a  layer  of  old  gold-size  upon  the  walls  of 
the  cell,  and  allowing  it  to  get  nearly  dry,  then  laying  on 
the  cover,  and  after  the  lapse  of  a  day  or  two,  when  the  sisc 
has  become  hard,  filling  up  the  angle  between  the  cover  sind 
cell  with  gold-size  laid  on  in  several  thin  coatings,  so  that  it 
may  not  run  in  and  interfere  with  the  object.  This  plan 
will  be  found  highly  advantageous  for  most  objects ;  they  may 
be  well  seen  with  the  Licberkulm ;  the  hhick  cement  acts  aa  a 
stop  or  dark  well,  and  the  email  size  of  the  cell  allows  of  the 
light  being  readily  transmitted  on  all  sides  of  it,  so  tliat 
no  stop  under  the  stage  will  be  required*  The  glass  cover 
docs  not  at  all  interlere  with  correct  definition,  unless  the 
light  be  thrown  upon  it  very  obliquely,  when  some  pencils 
must  necessarily  be  reflected ;  but  with  the  vertical  light  from 
the  Liebcrkuhn,  nearly  as  much  will  pass  through  as  If  the 
cover  were  not  present  The  elytra  of  the  diamond  and  other 
beetles  which  still  exhibit  their  rainbow  hues  when  placed  in 
Canada  balsam,  can  be  well  seen  when  mounted  in  this 
manner ;  but  those  olyects  which  require  the  light  to  fall  upon 
them  at  very  ol)li(iue  angles  to  show  their  play  of  colours, 
must  be  mounted  on  discs  with  the  pin,  by  which  means  they 
can  with  facility  be  turned  in  every  direction  and,  so  display 
their  resplendent  tints. 

When  Canada  balsam  is  used  for  mounting  the  specimeiifl, 
the  precautions  mentioned  in  page  280  must  be  attended  to ; 
the  balsam  must  he  very  fluid,  but  not  made  so  with  turpen* 
tine,  and  the  cover  must  not  be  put  on  until  all  the  air  bubbles 
have  disappeared,  otherwise  the  little  vacuities  tliere  alluded 
to  will  occur  after  the  lapse  of  a  few  weeks  or  months, 

A  very  convenient  mode  of  mounting  opaque  objects  in 
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Fig.  201. 

cefls  18  shown  in  section  by  fig.  201,  where  a  represents  an 
ordinary  glaee  slide,  to  which  is  attached  a  thin  piece  of  maho* 


MOUNTING  OPAQUE  OBJECTS. 


295 


glxtj  ft,  havuig  a  cell  c  boretl  out  in  it«  midflle  by  means  of  ft 
centre-bit;  the  hole  should  not  extend  through  the  entire 
thickncBs  of  the  wood,  but  about  half  way,  ii8  shown  at  c ;  the 
objects  fastened  to  a  disc  of  paper  or  card  may  be  secured  to 
the  bottom  of  the  cell  by  means  of  one  of  other  of  the  cements 
previously  described,  and  a  cover  of  thin  ghi&a  d  having  been 
placed  over  the  hole,  may  be  firmly  fixed  there  by  one  of  the 
cements  or  by  a  layer  of  paper  f,  gummed  to  it  and  the 
mahogany  in  tlie  manner  described  at  page  28o. 

Mr,  Julius  Page  has  made  some  very  excellent  cells  of  the 
flattened  tin  wire  employed  by  cabinet-makers  for  inlaying,  by 
bending  it  into  a  square  or  round  shape  upon  a  bar  or 
cylinder  of  wood  ;  these  he  fixes  to  tlie  slide  by  marine-glue  or 
other  cement,  using  a  hirge  quantity  on  the  outside  of  the 
cell  to  form  an  embanknjent,  and  to  prevent  the  gold-size 
employed  in  the  fastening  down  of  the  cover  from  entering 
the  cell  where  the  two  ends  of  the  wire  are  brought  into  con- 
tact Cells  80  made  will  answer  as  well  for  preparations 
mounted  In  fluid  as  for  those  that  ai-e  dr>%  tin  being  a  metal 
on  wliicli  few  of  the  preservative  solutions  will  act. 

In  Pill  Boxes, — The  authors  late  brother,  Mr.  Edwin 
Quekett,  adopted  a  phm  for  mounting  opaque  olyccts,  wbirh 
answered  exceedingly  well ;  this  was  to  select  some  small  but 
well  made  pill  boxes,  and  to  glue  to  the  Ijottom,  or  to  the  side 
or  cover,  a  piece  of  cork,  of  one  or  other  of  the  shapes  repre- 


Fig.  202. 
sented  by  fig.  202.     In  the  first  three  are  seen  cylindricsal 
pieces  glued  to  the  cover,  in  the  fourth  is  shown  a  pcmicinnilar 
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piece  ftxed  to  the  side,  and  in  the  iitth  and  ei^th  a  cone  and  a 
cylinder  attached  to  the  bottom  of  the  box,  all  of  which  pkni 
will  be  found  useful  for  different  kinds  of  objects. 

In  order  to  hold  these  boxee^  he  em* 
ployed  a  pair  of  forceps  of  the  ehape 
represented  by  fig.  203.  a  is  a, piece 
of  steel  wire,  having  at  each  end  two 
pieces  of  main  spring  b  h\  those  at  b  have 
two  semicircular  pieces  of  brass  rivetted  to 
tbem  to  embrace  the  box  as  shown  at  d^ 
whilst  at  b*  the  springs  are  bent  as  there 
represented,  in  order  to  hold  the  cover  or 
the  bottom  of  the  box  in  a  horizontal 
position.  The  wire  a  slides  through  a  ehort 
piece  of  spring  tube  attacheil  to  a  joint  r, 
below  whicli  is  a  pin  for  connecting  the 
instrument  to  the  stage  of  the  microeoope* 
as  in  the  ca^c  of  the  other  forceps  described 
at  page  113.  Mr,  Jackson  has  also  iidc^yled 
tlie  plan  of  mounting  opaque  objects  in 
pill  boxes;  but  he  makes  a  hole  in  the 
bottom  of  each,  by  means  of  which  he  fita 
them  on  a  sharp-jTointed  pin  attached  to 
the  ordinary  forceps.  Objects  so  mounted 
possess  many  advantages;  they  are  pre* 
served  from  dust  and  injury^  and  the  names 
of  each  being  written  on  the  cover,  tbe]r 
may  be  packed  away  in  drawers  and  eaoly 
recognised  when  required. 

Our  attention  mxist  now  he  directed  to 
the    preparation    of   particular  dasaes 
objects. 
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CHAPTER  X. 

TO  MAKE  SECTIONS  OF  BONE  AND  TEETH. 

TnE  apparatus  required  to  make  sectione  of  bone  and  teeth 
will  Lm*  as  follows : — A  fine  saw,  such  aa  is  used  for  cutting 
nietaJ ;  two  or  three  flat,  safe-edged  files,  one  of  them  very 
finely  cut ;  a  small  hand-vice ;  two  hones  of  the  water  of  Ayr 
stone ;  strips  of  glass,  two-incheft-and-a-half  long,  and  half-an- 
inch  broad ;  some  old  Canada  balsam  ;  a  email  bottle  of  siil- 
pimric  ether ;  and  a  strop  of  buff  leather,  charged  with  putty 
powden 

The  first  thing  to  attend  to  in  making  a  section  of  recjent 
bone,  IS  to  select  a  part  perfectly  free  from  grease ;  as  thin  a 
»ection  as  possible  is  to  be  cut  from  it  by  the  fine  saw,  and  be 
made  flat,  and  at  the  same  time  fiirtlier  reduce*!  hj  means 
of  the  file.  If  the  section  be  not  very  brittle,  it  may  be  held 
by  the  hand-vice,  and  behig  rested  upon  a  flat  piece  of  wood  or 
cork,  may  be  brought  by  the  file  nearly  to  its  proper  degree 
of  thmnese.  If  one  hone  only  is  at  hand,  the  section  may  be 
laid  upon  it  with  Home  water,  and  l>e  rubbed  backwarfls  and 
forwards  by  a  finger  pressed  ui>on  it,  until  both  its  surfaces 
baTe  acquired  a  certain  amount  of  polish ;  it  may  be  examined 
from  time  to  time  by  the  microscoi>e  to  see  when  it  is  thin 
enough,  and  when  this  point  is  arrived  at,  we  may  proceed  to 
polish  it ;  if  the  section  is  intended  to  he  mounted  in  Canada 
balsam,  a  great  amount  of  polish  is  not  necessary;  it  may 
then  be  simply  rubbed  upon  a  strop  of  bufl'  or  chamois  leather, 
until  the  desired  efl^ect  is  obtained ;  if,  on  the  contrary,  the 
section  is  to  be  mounted  dry,  the  polishing  slioidd  be 
carefidly  attended  to,  a  buflF  leather  strop,  with  putty 
powder  and  water,  must  be  employed,  and  the  section  rubbed 
upon  it  until  a  ]>erfect  polish  is  procured.  The  excess  of  putty 
powder  about  the  specimen  may  be  removed  by  reputed 
washing.  If  the  operator  be  provided  with  two  hones,  the 
section  may  be  qiuckly  made  very  thin  by  rubbing  them 
one  upon  the  other  with  the  section  between  them;  when 
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sufficiently  thin,  it  may  be  polislied  in  the  above  described 
raannen  Should,  howe%^er,  the  section  be  brittle,  we  must 
have  recourse  to  a  different  method,  to  effect  its  being  ground 
on  the  hone  without  fracture.  For  this  purpose,  as  tliiu  a 
section  as  possible  having  been  removed  by  the  saw,  it  is  first 
to  be  filed  and  then  rubbed  down  on  the  hone,  and  be  polished 
on  one  side  only.  The  section  is  next  to  be  dried,  and  then 
cemented  to  one  of  the  narrow  strips  of  plate-glass  with 
Canada  balsam ;  in  order  to  effect  this,  some  old  balsam  should 
be  procured,  imd  a  small  portion  laid  upon  the  centre  of  one  of 
the  flat  surfaces  of  a  strip  of  plate-glass,  which  is  then  to  be 
heated  until  the  balsam  is  melted  and  many  of  the  air  bubbles 
Imve  disappeared ;  the  glass  may  then  be  removed  from  the 
flame,  and  when  it  has  become  slightly  cool,  the  section,  with 
its  polished  siu-fiice  downwards,  is  to  be  placed  upon  the 
balsam,  and  pressed  firmly  down  until  the  balsam  is  quite 
cold,  care  being  taken  that  the  entire  surface  of  the  section  be 
in  contaet  with  the  glass,  A  good  deal  of  the  superfluous 
balsam  may  now  be  cut  away  from  the  sides  of  the  section, 
suflicient  being  left  to  hold  it  firndy  to  the  glass ;  if  it  be  very- 
thick,  the  file  may  be  used  to  reduce  it  at  fii-st,  and  then  it 
may  be  brought  down  to  a  proper  degree  of  thinness  by  the 
hone ;  as  the  grinding  is  being  proceeded  with,  the  section 
may  be  from  time  to  time  exaniined  l>y  the  mici*oscope,  and 
when  it  has  been  found  to  be  thin  enough,  this  sm^ace  also 
may  be  pohshed  on  the  buff  leatlier  In  the  same  way  as  the 
one  first'  described.  The  next  step  is  the  removal  of  the 
section  from  the  glass ;  this  is  readily  eftected  by  dropping  tKe 
slip  of  glass  into  the  stoppered  bottle  containing  ether,  whlch^ 
in  a  very  short  space  of  time,  will  dissolve  all  the  balsam,  when 
the  section  will  drop  oft';  it  may  then  be  removed  from  the 
ether,  and  when  dried  is  reatly  for  being  permanently  mounted. 
It  will  now  be  seen  why  a  slip  of  glass  of  a  particular  length 
and  breadth  was  recommended  in  the  onset,  it  has  many 
advantages  over  either  longer  or  shorter  strips ;  in  the  first 
place,  if  the  section  should  be  thicker  on  one  side  than  the 
other,  the  glass  can  be  tilted  a  little,  so  that  tlie  side  which  is 
the  tliickest  may  be  rubbed  the  most,  and  in  a  short  time  an 
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uniform  degree  of  thinness  will  be  obtained ;  secondly,  it  is  bjr 
far  the  best  plan  to  keep  ether  in  a  ImtUe  with  a  stopper  not 
much  exceeding  half-an-inch  in  diameter,  as  in  larger  bottles 
the  stoppers  seldom  fit  so  nicely  as  to  prevent  evaporation; 
into  the  small  bottles  tiie  sUps  of  glass  previously  described 
will  readily  drop,  and  the  ether  need  not  more  than  half  fill 
the  l>ottle^  for  so  long  as  it  reaches  as  high  as  the  section, 
the  desired  object  will  be  obtained ;  when,  however,  the  stock 
is  rednced  so  low  tliat  it  wUl  not  reach  the  section,  one  end  of 
the  slip  of  glass  may  be  cut  off  with  a  diamond^  and  only  a 
fimall  quantity  of  ether  will  then  be  necessary. 

If  it  be  required  to  make  sectiona  of  fossil  bones  that 
are  far  too  hard  to  be  cut  with  a  saw,  the  apparatus  employed 
by  the  lapidary  must  be  had  recourse  to;  this  consists  of  a 
tlun  iron  wheel,  the  edge  of  which  is  charged  with  emery,  or 
with  diamond  dust ;  after  the  section  has  been  cut,  it  is  then 
to  be  cemented  to  a  piece  of  glass  and  polished  on  both  sur- 
faces, the  material  used  for  the  cutting  being  a  fluid  known 
a&  oil  of  brick.  The  oixlinary  wheel  employed  by  the  lapi- 
dary runs  horizontally,  and  is  turned  by  the  hand;  an  appa- 
ratus of  the  same  kind,  but  used  by  the  jeweller,  consists  of  a 
small  steel  or  copper  disc,  turned  by  a  foot-wheel ;  one  or 
both  of  these  will  be  required  by  those  who  wish  to  devote 
much  attention  to  the  structure  of  fossil  bones  and  teeth.  It 
is  usual  to  mount  such  sections  on  pieces  of  plate-glass,  with- 
out any  covering  of  Canada  balsam  or  thin  glass  over  them ;  if 
they  have  a  polished  suHaee,  their  stnicturo  can  be  admirably 
made  out. 

When  it  is  necessary  to  examine  the  bone  cells  of  fragments 
of  fossil  bone,  small  chippings  only  are  required ;  these  may 
be  procured  by  striking  the  bone  with  the  edge  of  a  small 
hammer,  then  carefully  selecting  the  thinnest  of  the  chips,  and 
placing  them  at  once  without  any  grinding  in  Canada  balsam, 

MotmHng  Seetitms  of  Botie, — The  next  process  is  that  of 
mounting  the  sections ;  this  may  be  dune  either  in  the  dry 
way,  as  described  in  jiage  288,  in  a  thin  cell  in  fluid,  or  in 
Canada  balsam.  If  the  section  is  very  thin  and  transparent, 
and  well  poUshed,  it  ought  to  be  mounted  either  in  fluid  or 
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dry  ;  if  not,  then  the  Canada  balBam  may  be  had  recourse  ta 
The  method  of  doing  which  h  hs  follows: — After  havti^ 
placed  some  thin  Canada  bakatn  on  a  alidc  of  the  required 
Bize,  it  most  be  heated  until  it  boils;  it  may  then  be  bud 
aside  for  a  moment  to  cool,  when  the  section,  having  been 
previously  made  dry,  ia  to  be  placed  in  it ;  if  the  balasms  is 
too  cold  for  the  section  to  sink  into  it,  a  little  more  heat 
must  be  appUed,  and  as  80on  as  the  balsam  is  again  fluid 
enough,  the  section  may  be  embedded  in  it ;  should  the  heat 
be  such  as  to  cause  air  bubbletf  to  appear,  it  will  then  be 
desimble  to  remove  them  before  the  thin  glass  cover  ie  laid 
on;  tliis  may  be  done  in  two  ways,  either  by  drawing  them 
from  the  field  in  the  neighbourhood  of  tlie  object  with  the 
pointed  instnmient,  or  by  beating  the  balsam  again,  eo  as  to 
make  it  boil ;  when  the  bubbles  are  all  removed,  the  ihin 
glass  cover,  with  its  under  surtkce  warmed,  may  be  hud 
u|ion  the  balsam,  and  pressed  down  so  aa  to  exclude  at  the 
same  time  all  the  air  bidjblcs  and  all  the  superfluous  balsam. 
In  some  cases  the  author  has  found  that  sections  of  bone,  which 
have  been  laid  in  balsam  and  heated  until  the  balsam  has 
boiled,  exhibit  their  intimate  structure  more  beautifully  than 
they  did  before  the  extra  heat  hful  1>cen  applied.  When  a 
section  is  put  into  very  liquid  balsam,  the  bone  cella  very 
soon  liccome  filled,  which  makes  tlie  structure  indistinct; 
hence  it  is  better  to  mount  all  bones  in  the  dry  way  or  id 
fluid,  except  those  which  are  of  a  very  dark  colour,  and  have 
their  bone  cells  and  canals  filled  with  earthy  matter.  All 
sections  of  recent  and  greasy  bones  should  be  soaked  in  ether 
for  some  little  time  before  they  arc  mounted ;  this  dissolves 
the  grease,  and  makes  the  bone  cells  and  their  eanalieuli  much 
more  distinct. 

Fragments  or  chippings  of  fossil  bones  may  he  put  into 
balsam  without  any  grinding;  and  as  it  generally  happens 
that  in  such  bones  all  the  cells  and  canals  are  full  of  earthy 
matter,  it  does  not  matter  if  the  balsam  have  been  made  to 
boil ;  it  is,  perhaps,  the  better  plan  that  this  should  be  done, 
as  it  makes  the  intercellular  tissue  more  transparent,  and  the 
bone  cells,  therefore,  can  be  seen  more  distinctly. 
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It  may  be  aa  well  here  to  state,  that  the  eeotioiie  should,  if 
poesible,  be  raacle  in  two  or  more  directions ;  thu8>  for  instance, 
if  the  specimen  about  to  he  examined  be  a  portion  of  the 
shaft  of  a  long  bone,  we  sliould  cut  the  first  transyeraely  and 
the  other  two  longitudinally ;  one  of  the  latter  may  extend 
tJi rough  the  medullary  cavity,  and  the  other  merely  through 
the  outer  or  periosteal  surface.  The  scales  and  thin  plates  of 
heme  of  fishes  will  rarely  require  more  than  grinding  down  on 
the  hone ;  if  the  surface  of  the  scale  be  enamelled,  as  in  the 
Lepidoetens,  the  inner  surface  only  may  he  rubbed  down  on 
the  hone,  and  the  outer  left  with  its  natund  jKilish  of  enamel 
on  it,  the  ground  surfai-e  may  be  cemented  to  a  slide  by 
Canada  balsam,  antl  the  enamelled  will  then  require  no  covering 
either  of  thin  glass  or  of  balsam,  but  be  kept  in  the  same 
manner  as  the  fossil  wcmxIs  before  described.  In  order  to 
obtain  a  perfect  notion  of  the  structure  of  bone,  one  or  more 
eections  should  be  soaked  in  dilute  muriatic  acid  to  get  rid  of 
the  earthy  matter,  and  others  in  caustic  potash  to  destroy  the 
animal  matter ;  these  should  be  mounted  in  fluid,  and  will  be 
found  very  instnictive. 

To  make  Sfctimis  of  Teeth. — The  teeth  of  fishes  not  being 
supplied  with  a  layer  of  dense  enamel,  may  be  cut  in  the 
same  way  as  onlinary  bone  with  a  fine  saw,  and  then  be 
rubbed  down  lie t ween  the  liones,  and  polished  in  the  usual 
manner;  but  those  of  nearly  all  the  higher  mammalia  being 
coated  more  or  less  with  enamel  of  flinty  hardness,  will  require 
a  much  greater  amount  of  labour  to  be  expended  on  them. 

The  saw  best  adapted  for  cutting  through  the  enamel  is 
that  used  for  iron  and  brass;  even  this  will  of\en  become 
bhint  before  the  cutting  is  completed.  It  will  be  dmost  in 
vmn  to  indulge  in  the  hope  of  making  more  than  two  longi- 
tudinal sections  of  one  tooth,  this  can  only  be  effected  by 
cutting  it  down  through  the  middle,  and  after  cementing  the 
cut  surfaoes  to  a  plate  of  glass^  to  reduce  them  to  the  proper 
degree  of  thinness  by  the  file,  and  finish  them  on  the 
hones.  The  lapidary's  wheel  will  be  found  nnirh  more  useful 
for  teeth  tlian  for  bone,  bb  a  wheel  charged  with  diamond  dust 
wiU  speedily  cut  through  a  thick  layer  of  the  hardest  enaroeL 
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The  operation  of  laying  sections  of  teeth  in  the  thick  balaun 
should  be  cixrefuUy  performed,  as  the  enamel  very  readilj 
separates  from  the  dentine  or  ivor^*;  the  grind]  og  and  polisliiiig 
should  also  be  carried  on  witli  care  to  prevent  the  ^eparatioiL 
The  sections,  like  those  of  bone,  should  be  made  in  two 
directions,  one  transverse  and  the  otlier  longltudioal,  and  if 
the  structure  of  the  enamel  require  tx>  be  examined,  an  oblique 
section  will  be  found  very  instructive,  although  very  difficult 
to  make. 

To  Mount  Sectiom  of  Teeth, — These  may  be  mounted  in 
the  same  way  sls  the  sections  of  bone ;  an  examination  by  the 
microtM.*ope  will  serve  to  detenmne  whether  any  particular 
specimen  should  be  placed  either  in  fluid  or  balsam,  or  be 
preaerved  dry ;  the  latter  plan  will,  however,  be  found  on  the 
whole  to  be  the  most  satisfuctoiy,  but  in  this  case  the  section 
should  be  well  jiolished,  Dai'k  coloured  fossil  teeth  will  be 
well  exhibited  in  balsam,  and  may  even  be  boiled  in  it  if 
necessary,  as  the  tubes  of  the  dentine  are  in  most  cases  filled 
with  earthy  matter. 


CHAPTER  XI 


TO  MAKE  SECTIONS  OF  SHELL  AKD  OTHEH  HARD  TI8 


Foit  this  purpose  nearly  all  the  apparatus  described  for 
making  sections  of  bone  and  teeth  will  be  required.  By 
far  the  most  important  instrnmentSj  however,  will  be  found  to 
be  the  file  and  the  hone.  Shell,  altliougb  generally  much 
softer  than  bone  or  tooth,  is,  nevertheless,  very  brittle,  and 
thin  sections  require  to  be  handled  with  very  great  care. 
The  best  plan  of  proceeding  is  to  make  a  portion  flat  on  one 
surface,  and  polish  it  fii*st  on  the  hone  and  then  with  putty 
powder,  and  to  cement  this  surface  to  the  slide  on  which  the 
section  is  intended  to  be  mounted  by  means  of  Canada  btdsam, 
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the  file  Diay  then  be  employed  to  reduce  it6  thickness,  and  the 
hone  to  finish  it ;  the  section  should  be  examined  from  time  to 
time  by  the  microecope,  to  see  when  it  is  thin  enough,  and,  if 
required,  the  elide  may  he  placed  either  in  ether  or  turpentine 
to  dissolve  awiiy  the  old  balbiim  without  separating  it  from  the 
elide ;  but  should  the  specimen  he  vrry  brittle,  it  should  be 
allowed  to  remain  on  the  elide  on  whieh  it  was  ground,  and 
after  having  been  made  as  clean  as  possible,  some  new  balsam 
may  be  dropped  upon  it^  and  a  cover  of  thin  glass  laid  over  it 
in  the  usual  way ;  but  if  the  section  be  sufheieiitly  strong,  it 
may  be  removed  by  ether  from  the  shde,  and  be  mounted  in 
balsam  as  a  fresh  object;  the  latter  plan  will  l>e  found  the 
neatest  and  best,  provided  it  cun  be  accomplished  without 
injury  to  the  specimen.  ^Micn  it  is  required  to  investigate 
the  arrangement  of  the  animal  matter  in  any  section,  it  should 
be  suljjectetl  to  the  action  of  dilute  muriatic  acid ;  this  is 
termed  by  Dr,  Carpenter  tlie  decahrifi^ing  process ;  sucli  speci- 
mens, after  soaking  in  water  to  get  rid  of  the  acid,  may  be 
mount e<l  with  fluid  in  the  thin  glass  cell,  Tlie  structure  of 
many  shells  of  the  oyster  kind  can  be  very  well  made  out  by 
selecting  some  of  the  thinnest  of  the  flakes  or  laminae  found 
near  the  outer  margin  of  the  valves  of  the  shell ;  these,  after 
having  been  washed  and  dried,  may  be  mounted  in  Canada 
balsam  in  the  usual  manner.  Some  shells,  also,  of  the  genus 
Ptnnay  that  exhibit  a  prismatic  structure,  will  sepamte  readily 
into  prisms ;  these  may  also  be  mounted  either  in  Hnid  or  in 
balsam  without  any  further  preparation.  The  most  difficidt 
shells  to  cut  are  those  whose  structure  is  nacreotis  or  pearly — 
the  ear  shell,  Hulioti.%  is  the  best  example  of  this  kind ;  these, 
however,  will  yield  to  the  file  and  hone;  sections  of  them 
should  be  decalcified,  and  it  will  then  be  seen  (as  was  dis- 
covered by  Dr.  Carpenter)  that  the  splendid  hues  which  this 
tribe  of  sheila  presents  ai'e  due  to  tlie  ph cation  of  the  animal 
membrane-  Amongst  the  shelly  tissues  may  be  mentioned 
the  spines  of  the  Echinwlermata,  the  tegimient  of  the  Crus- 
tacea, and  the  bone  of  the  Cuttle  fish.  All  these  may  be 
prepared  in  the  same  manner  as  shells,  by  the  file  and  the 
hone,  with  the    exception   of  the  last,  which  may  be  cut 
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eufficientlj  thin  with  a  very  sharp  knife.  The  Bpinea  of  the 
Echini,  after  having  been  cut  transversely  with  a  saw,  and 
then  ground  down  and  iwlished,  form  some  of  the  most  beau* 
tifnl  objecte  for  a  microscope  of  low  power;  considerable 
difficulty  will,  however,  be  found  in  getting  a  section  perfect 
and  at  the  same  time  very  thin.  A  portion  of  the  eJiell  erf  a 
crab,  taken  from  one  of  tlie  large  claws,  also  fomis  a  moet 
interesting  object ;  but  the  author  would  refer  tliose  who  wish 
to  obtain  a  knowledge  of  these  beautiful  etnicturea  to  the 
very  valuable  papers  of  Dr,  Carpenter  in  the  Reports  of  the 
British  Assodatimt  for  the  Adtancanent  of  Science,  where  he 
will  also  find  accurate  representiitions  of  the  most  remarlcable 
kinds. 

To  make  Sections  of  hard   Vegetable   Tissues* — The  dense 
structures  which  eoinpose  the  stones  of  si>me  of  the  pulpy 
fruits,  such  as  the  peach,  apricot,  plum,  and  cherry,  are  beau- 
tiful objects  for  microscopic  investigation  j  they  resemble  in  a 
very  striking  manner  the  osseous  tissues  of  animals^  and  like 
them  require  to  be  cut  into  thin  sheet*,  in  order  to  exhibit 
their  true  charactera.       The  principal  instruments  required 
for  this  purpose  will  be  the  saw,  the  file,  and  the  bone ;  those 
stones  tluit  are  tough,  such  as  tlie  cherry  and  plum,  can  be 
easily  made  thin ;  others  that  are  more  brittle  will  demand 
some   care   in   their   preparation,    whilst   some   few,    as,   for 
instance,  the  ivory  nut^  are  so  hard,  as  even  to  require  the  aid 
of  the  cutting-maclniie  or  the  lapiflary^s  wheel  for  their  reduc- 
tion to  a  proper  degree  of  thinness.      The  method  generally 
employed  to  make  sections  of  these  hard  tissues  lor  the  micro- 
scope is  very  siJiillar  to  that  of  bone  before  described,  viz.,  to 
cut  as  thin  a  slice  o^  i>ossible  with  the  saw,  then  to  reduce 
thjs  nearly  to  the  requisite  thhinesa  by  the  file,  and  finjek 
it  with  the  hones ;  as  all  these  tissues  are  more  or  leas  of  a 
dark  colour,  they  will  be  best  displayed  in  balsam,  therefore 
the  process  of  pohshing  ou  the  bull' leather  with  putty  powder 
may  be  dispensed  with.     Tlie  development  of  some  of  the 
hard  tissues  may  be  very  well  seen  in  the  scales  of  the  cone 
of  firs ;  these  may  be  readily  cut  in  the  machine  employed  to 
make  sections  of  wood  presently  to  be  described,  and  may  be 
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moiintecl  in  balsam  in  the  usual  manner.  Another  form  of 
hard  tisane  may  lj€  procured  by  maceration  from  the  pear 
tribe  J  thid  h  known  to  bt^tauists  jih  (/rifti/  tissue^  and  sbonld  be 
mounted  in  fluid,  as  the  bulsiim  makers  it  tD^l  transjMirent. 

To  prepare  Siliceotis  SMeivns  of  Vegetables. — In  all  plants 
known  as  gnisse?,  silica  or  flint  i^  more  or  less  abundant :  its 
presence  may  be  recognised  in  many  ways,  but  heat  and  nitric 
acid  are  the  agents  generally  employed  to  separate  it  from 
the  other  less  durable  substances  with  which  it  is  intimately 
connected*  Hilicu  tbnns  a  coating  to  the  stems  of  gra^^sc^s ;  it 
is  even  found  in  small  masses  or  concretions  in  tlie  stems  of 
the  bamboo,  and  is  then  known  by  the  name  of  taifasheer. 
The  attention  of  microscopists  was  first  directed  to  the  siliceous 
skeletons  of  certain  parts  of  grasses  by  the  Kev.  J.  B.  Readc, 
in  the  year  1835 ;  the  specimens  fii'st  examined  by  him  con- 
sisted of  the  husks  and  part3  of  the  stem  of  the  wheat  and 
oat ;  they  were  prepared  by  subjecting  these  jiarts  to  a  very 
liigh  tCTuperature  in  a  pkitinum  crueil)lc,  wliereby  all  the 
carbonaceous  matter  was  burnt  off,  and  an  ash  of  dilica  was 
left ;  tills  was  removed  and  mounted  in  Canada  balsam,  when 
a  jK^rfect  cast  even  of  the  most  minute  vegetable  structure  in 
flint  was  found  on  nueroscopical  examination.  One  of  tlie 
most  beautiful  specimens  for  exhibiting  the  anmngemcnt  of 
sUica  in  its  stem  is  an  Equis^etum,  sold  in  the  oil  and  colour 
shops  under  the  name  of  the  Dutch  rush ;  it  is  used  by  the 
cabinet-makers  as  a  substitute  for  sand  or  glass  paper,  for 
rul>bing  down  the  ineciualitics  in  the  surtace  of  wood;  tliis  is 
best  prepare*!  by  cutting  the  stems  into  short  pieces,  and 
boiling  them  in  strong  nitric  acid  in  a  tall  vess^K^l ;  eopious 
fumes  of  gas  will  be  given  oft*  as  the  CArlx>n  is  being  removed, 
the  vessel  should  tJicn  be  laid  aside  for  a  time,  and  more  acid 
added  when  the  eftV-rvescence  lias  ceased;  if  the  speci- 
men be  not  inuncdiately  wanted,  it  may  be  kept  in  the  actd 
until  the  perfect  removal  of  all  the  other  constituents  has 
been  ciTected.  A  portion  of  this  |>!unt,  when  well  prepared, 
should  be  perfectly  free  from  all  foreign  matter,  and  after  being 
thoroughly  M'Jished,  may  be  mounted  cither  in  fluid,  in  Imlsnm, 
or  even  dry.  In  balsam  it  fnrnis  a  brunt  ifn!  objert  for  polarized 
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light;  but  in  fluid,  its  true  nature  is  best  exluhiteiL  The 
imlem  or  brntfs  of  a  grae8,  known  as  the  Ffntura  praieuM, 
exhibit  a  beautiful  arrangement  of  silica  wilJiout  any  pre- 
paration by  acid ;  they  can  l»c  showTi  dry  as  opaque  objects, 
and  for  the  purjxjec  may  be  cemented  to  one  of  tlie  discs 
degi-ribed  at  pa^e  290 ;  or,  if  preferred,  may  be  mounted  in 
fluid,  and  then  examined  by  transmitted  light.  But  the  paleje 
of  the  wheat  and  oat,  wliich  are  known  as  chaffs  from  being 
more  oparjue  and  less  abountling  in  silica,  will  require  either 
the  aitl  of  acid  or  of  heat  to  exhibit  tlie  arningenient  of  it 
in  them. 


CHAPTER  XIL 


ON  MAKING  SECTIONS  OF  WOOD. 

For  this  purpose  we  must  be  provided  with  an  instnimeat 
termed  the  Cutting  niachme,  wliicli  consiets  of  a  plate  of  metAl, 
on  which  a  knite  ormzorii^  made  to  slide,  and  the  wood  to  be  cui^ 
18  firmly  wedged  into  a  triangidar  or  otlier  tube,  and  is  raised  ' 
above  the  surface  of  the  tube  by  a  very  fine  screw,  as  high  as 
tlie  thickneea  of  the  section  required.  The  first  ingtniment 
of  tliis  kind  was  invented  by  Adamg,  about  the  year  1770,  and 
was  subsequently  improved  by  Mr,  Cunmiing ;  it  is  describetl 
and  figured  in  the  microscopical  essays  of  the  younger  xVdams, 
and  is  of  tlie  same  kind  aa  that  employed  by  Mr-  Custance, 
**  who  was  unrivalled,"  says  Adams,  **  in  liis  dexterity  in  pre- 
paring and  accuracy  in  cutting  tliin  transverse  sections  of 
wood-*^  In  siibsequent  times  other  instiiunents  have  been 
contrived  for  the  same  purpose,  some  provided  with  knivea 
that  moved  circularly,  othere  with  knives  fixed  m  a  strong 
frame-work  of  metal,  whilst,  in  not  a  few,  the  cutting  wtm 
performed  by  a  razor  of  the  ordinary  kind,  or  one  ground 
perfectly  flat  on  one  side.  A  very  excellent  machine  for  this 
purpose,  which  the  author  has  been  in  the  habit  of  using  far 
many  yeans,  and  c^n,  therefore,  strongly  recommend,  is  shown 
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in  fig.  204  ;  it  eonBidts  of  a  blcK;k  of  Spaiiienh  nnilio<:^any,  into 
wLieli  are  fastened  four  strong  hraifisfi  pillars  that  support  a  flat 
tabic  of  the  sanic  metal,  eight  iBches  long,  three  wide,  and 


id 
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Fig,  204. 


three*teBthB  of  an  inch  thick,  having  a  rdsed  od^  screwed  to 
one  of  its  aides ;  to  the  under  sxirface  of  the  middle  of  tliis  table, 
and  nearly  cloge  to  the  op[M>Hjte  side  to  that  having  the  raised 
e<lge,  is  screwed  a  stoot  tubular  piece  of  brass  r,  which  jmssea 
through  the  table  and  projects  about  a  quarter  of  an  inch 
above  its  upper  surface ;  into  this  tube  is  6tte*l  accurately  a 
cylindrical  piece  of  brass/,  having  a  hole  (/  about  five-eighths 
of  im  inch  square,  extending  throughout  its  entire  length, 
ThiH  cylinder  is  capable  of  lieing  niised  by  a  screw  with  forty 
threads  in  the  inch,  the  IicmI  of  wliich  b  is  divided  into  twenty- 
five  parts;  the  divisions  are  cut  so  deep,  that  a  tliin  wedge* 
shaped  piece  of  steel  may  be  pressed  finuly  into  any  ol'  them 
by  tlie  spring  «  with  which  it  is  connected;  tins  contrivance 
answers  two  purposes,  one  as  a  micrometer  for  determining 
how  high  the  cylinder  imunt  be  miscd  to  cut  the  finest  st*ction, 
and  the  other  ibr  preventing  the  sci^ew  fivmi  being  moved* 
20' 
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A  strong  brass  frame,  of  the  shape  shown  in  the  upper  part 
of  the  figure,  and  of  nearly  the  same  tliickness  as  the  table, 
has  a  knife  e,  ground  perfectly  flat  on  its  under  siirtace,  firmly 
fixeil  to  it  by  two  strong  screws  dd;  this  frame,  with  its  knif<ft 
arranged  in  the  manner  seen  in  the  figure,  is  made  to  slide 
backwards  and  forwanls  emoothly  upon  the  upper  surface  of 
the  table.     The  wood  about  to  be  cut  is  driven  very*  tightly 
into  the  square  hole  ff  in  the  cylinder^  and  should  be  allowed 
to  project  alxiut  an  eighth  of  an  inch  above  it.      The  cylinder 
being  replaced  witliin  the  tube  c,  it  will  be  found  that  when  ^ 
the  frame  is  pushed  forwards  the  edge  of  the  knife  will 
obliquely  over  every  part  of  the  surface  of  tlie  wood,  and  as 
the  screw  has  forty  threadti  in  the  inch,  and  its  head  is  divided 
into  twenty-five  parts,  it  follows  that  each  turn  of  the  screw 
will  raise  the  cylinder  one-fortieth  of  an  inch,  and  each  fraction 
of  a  tiun  the  one-thousandth  of  the  same  quantity.      This 
maeliine  has  very  many  advantages,  these  consist  principally 
in  the  mode  in  whicli  the  knife  is  fixed,  and  also  in  the  plan 
of  the  wood  about  to  be  cut  being  firmly  supported  on  all 
sides  by  metal,  but  in  such  a  manner  as  to  keep  the  latter 
without  the  reach  of  the  knife,  the  screw  being  bo  Bhort  as  not 
to  be  able  to  raise  the  cylinder  quite  as  high  as  its  edge.      In 
most  machines  of  this  kind  the  knife  rubs  uix)n  the  brass,  by 
which  the  cutting  edge  is  liable  to  injury,  and  tlie  wood  is  not 
driven  tightly  into  a  cylinder,  but  is  raised  out  of  it  by  the 
screw,  consequently  it  cannot  be  kept  so  firmly  against    tlie 
cutting  edge,  wliich  will  be  found  very  inconvenient  when 
hair  and  such  other  soft  structures  reqrnre  to  be  securely 
wedged  up  before  sections  of  them  can  be  made. 

Mr.  Topping  has  contrived  a  very  convenient  and  usefld 
form  of  cutting-machine  on  a  plan  represented  in  section  in 
fig,  205.*  A  B  is  a  fiat  piece  of  mahogany,  seven  inches  long, 
and  four  wide,  to  the  under  surface  of  which  is  attached,  at 
right  angles,  a  piece  G,  of  the  same  size  as  A  B.  D  represents 
a  tlat  plate  of  brass,  four  inches  long,  and  three  wide,  screwed 
to  the  upper  surface  of  A  B ;  to  the  middle  of  this  plate  is 

This  machine,  turret Jicr  with  a  knife,  can  be  obtained  of  liim  at  the 
low  price  of  fllxteen  sliilUngs. 
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attached  a  tube  of  the  same  metal  E  !» three  iuches  long  and 
half-an-iDch  in  diameter,  and  provided  at  its  lower  end  with  a 
screw  F,  working   in  a  nut,  and   having  a  di»c  K  exactly 
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Fig.  205. 

adapted  to  the  bore  of  the  tube ;  tliis  disc  is  connectetl  with 
the  upjicr  end  of  the  3Crew»  and  is  moved  up  or  down  by  it 
C  IS  another  6crew  connectetl  with  a  curved  piece  of  brass  H, 
which  18  capable  of  being  carried  to  the  opposite  side  of  the 
tube  by  it  The  piece  of  woml  about  to  Ik*  cut  is  put  into  the 
tube  E,  and  ia  raised  or  depressed  by  the  screw  F,  wliilst, 
before  cutting,  the  cur\ed  piece  of  metal  H  should  be  fimJy 
pfesficd  ngidnst  it  by  the  screw  C.  This  instrument  is  to  be 
fiwtened  to  the  edge  of  a  bench  or  tuble,  where  it  may  be 
always  kept  ready  for  use*  The  knife  to  be  employed  may 
be  one  constructed  for  the  purpose,  or  a  razor  ground  tlat  on 
one  side  will  be  found  to  answer  very  well. 

Methixi  of  ntakinf^  Sections. — If  the  wood  be  green*  it  should 
be  cut  to  the  reriuired  length,  and  be  inmiersed  for  a  few  days 
in  strong  alcohol  to  get  rid  of  all  rcf^iouuH  inattci^.     When 
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this  is  ac<*omplkhcd,  it  may  be  soaked  in  water  for  a  week  or 
ten  days,  it  will  then  be  ready  for  cutting.      If  the  wood  be 
dr)%  it  ehould  be  fir^t  soaked  in  water,  and  afterwards  iin* 
niersed  in  spirit,  and  before  cutting  be  placed  in  water  again, 
as  in  the  eatse  of  the  green  wood.  If  tlie  machine  to  be  <*mploycd 
be  snch  as  described  in  piigc  307,  the  wood  (if  eiifficientlyj 
iargej  should  be  cut  so  as  to  fit  tightly  into  the  equare  hole^l 
and  be  driven  into  it  by  a  wooden  mallet;  if,  on  the  contrary, 
it  be  roundj   and  at  the  same  time  too  email  for  the  holc^  j 
wedges  of  deal  or  other  soft  wood  may  be  employed  to  fix  it 
firmly;  these  will  have  the  advantage  of  affording  support, 
and,  if  necessary,  may  be  cut  with  the  specimen,  from  which  ■ 
they   may   afterwards  be   easily  separated.     The   process  of' 
cutting  consists  in  raising  tlie  wood  by  the  micrometer  screw, 
BO  that  the  thinnest  possible  slice  may  be  taken  off  by  the 
knife ;  after  a  few  tliick  slices  have  been  removed  to  make  the 
surface  level,  a  small  quantity  of  water  or  spirit  may  be  placed  i 
upon  it ;  the  screw  is  then  to  be  tunied  one  or  more  di\^gion5v 
and  the  knife  passed  over  the  wockI,  until  a  slice  id  removed ; 
this,  if  well  wetted,  will  not  curl  up,  but  will  adhere  to  the 
knife,  from  which  it  may  be  removed  by  pressing  blotting 
paper  ujjon  it,  or  by  sliding  it  off  upon  a  piece  of  gla@6  by 
means  of  a  wetted  finger  j   tlie   plan   the   author  generally 
adopts,  is  to  have  a  vessel  of  water  by  the  side  of  the  machine, 
and  to  place  every  section  in  it,  those  that  arc  thin  can  then 
be  easily  separated  from  the  thick   by   their   floating   more 
readily  in  the  water,  and  all  that  are  good,  and  not  imme- 
diately  wanted,    may  be    put   away  in  bottles   with    spiril 
and  water,   and  preserved  for   futm*e   exanunation.      If  the 
entire  structure   of  any  exogenous  wood   is   required    to  be 
examined,  the   sections    must   be    made   in   at    least    three 
different  ways;    these   may   be   teniicd   the   transverse,  the 
longitudinal,  and  the  tangental;   or,  as  they  are  sometimea 
called,  the  horizoutnl,  vertical,  and  tangental ;  each  of  these 
will  cxlubit  diilcrent  appcarancesj  a^  may  be  seen  by  D  E  F 
in  fig,  206-     At  A  is  shown  part  of  the  stem  of  a  coniferous 
plant,  and  a  transverse  section  of  a  iK>rtion  of  the  same  magni- 
fied at  D ;  in  this  is  exhibited  the  zones  a  a,  indicating   the 


will  exhibit  the  inedullary  rays,  that  are  known  to  the  cabinet^ 
inaker  m  tlie  xUvrr  tjrmn  ;  and  at  E,  wliieh  i«  a  magnified 
view  of  a  part  of  the  same,  may  he  eeen  the  woody  fibres  c  c, 
with  their  dota  fi  J,  and  the  horizontal  lines  indicating  the 
medullary  rays  rut  lengthwise  ;  whilst  at  C,  which  is  the 
tangental  eection,  and  F  a  portion  of  the  same  magnified,  the 
upcninga  of  the  medullary  Tiiy»fJ\  and  the  wootly  fibres  with 
vertical  elices  of  the  dots  are  exhibited.  Very  instructive 
prcimrations  may  be  made  by  cutting  oblique  sections  of  the 
Btem,  especially  when  large  vessels  arc  present,  as  then  the 
internal  structure  of  the  walb  of  some  of  them  may  oftentimes 
be  examined*  The  diagnim  above  given  refers  only  to  6ection8 
of  a  pine ;  all  txmfaious  steins,  however,  will  exliibit  three  dif- 
ferent appeaninces,  according  to  the  direction  in  which  the  cut 
is  made ;  but  in  order  to  arrive  at  a  tnie  understanding  of  the 
arraDgement  of  the  woody  ao  1  vascular  bundles  in  efuifM/rjUt 
horizontal  and  vertical  sections  only  will  be  rcijuired.  Many 
apedineiis  of  wood  t-hat  are  very  hai*d  and  brittle  may  be 
much  softened  by  boihngin  water;  and  as  the  cittting-mai*hino 
will  answer  for  other  structures  besides  womi,  it  nuiv  here  Iw 
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stated^  that  all  homy  tissues  may  also  be  considerably  fioAenad 

by  boiling,  and  can  tlien  be  cut  very  easily. 

Methods  of  Mouiithu/  SectioTis  of  H'otMt-^-The  thinnest  sai 
most  pcifect  flections  having  been  selected,  they  may  be 
mounted  either  in  fluids  or  in  Canada  balsam,  or  dry,  tbf 
former  plan  being  by  fur  the  best,  eepecially  for  the  vertical 
and  tangental  sections ;  the  transverse,  when  mounted  etthci 
in  bali^am  or  dry,  do  not  lose  so  many  of  their  etrikiog 
churacters  as  the  otber^^  and  this  is  the  more  to  be  remailked 
when  the  wood  has  been  kept  for  some  considerable  daiie 
previously  in  a  dry  state.  Vegetable  sections  will  keep  ttij' 
well  in  almost  all  the  preservative  aolutions ;  on  the  whole, 
perlia[)S,  the  weak  spirit  and  water  and  the  crc?osote  fluid  will 
be  found  to  be  the  best ;  they  may  be  mounted  either  in  the 
tbin  gims  cell,  page  254,  or  in  tlmt  shown  at  fig,  158,  pige 
253,  and  in  tlie  manner  desi-ribed  at  page  252.  If  the  eeclioiis 
be  dark,  they  may  be  mounted  in  Canada  balfiam  in  the 
manner  described  at  page  278 ;  but  if  they  become  too  tnUEie- 
ptu'ent  when  immersed  in  it,  they  should  be  first  charred  by 
being  placed  between  two  plates  of  glass,  and  subjected  to 
the  heat  of  an  argand  lamp  until  they  turn  brow^n,  or  they 
may  be  dyed  %vith  tincture  of  iodine,  or  in  a  decoction  of 
fustic  or  logwood.  Transverse  sections  may  be  mounted  b 
this  way,  as  they  will  stand  the  process  of  charring  ver\^  well ; 
but  all  the  otlier  kinds,  especially  those  that  exliibit  large 
s|>iral  vessels  and  dotted  ducts,  are  best  mounted  in  fluid*  If 
the  section^!  are  to  be  mounted  dry,  they  may  be  prepared  b 
the  manner  before  described  at  page  284,  or  they  may  be 
placed  between  two  glasses,  with  bevelled  edges,  that  are  ftUed 
up  with  sealing-wax  after  the  plan  of  Mr.  Darker,  before 
described  in  page  289;  in  all  these  cases,  particular  attentici 
should  be  ptvld  to  the  sections  being  properly  dried  befor 
they  are  placed  between  the  glasses,  otherwise  fungi  are  apt 
to  grow  tVom  them. 

Vhipphufs  of  IVoihL — An  excellent  method  of  exhibiting 
the  medulhiry^  rays,  and  some  of  the  larger  vessels  of  the 
haixler  wofnly,  is  by  making  small  chippings  of  them,  or 
tearing  short  pieces  of  wotnl  iu  iialves  lengthways  of  tliegnuG 
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»  after  the  beginniDg  of  a  split  has  been  made  by  a  clii8c4  or  a 


knife;  these  should  be 


ited 


dlec»  ; 


objects. 


opaque 

and  examined  vnth  a  magnifying  power  from  one  hundred  to 
two  hnndred  diameten*,  tlie  Lieberkiilin  being  employed  as 
the  ilhmiinator. 

Sectktfis  of  IlanL%  Ilatn^  §**•* — These  may  be  made  with  the 
cutting-machine  in  the  same  manner  as  those  of  wood ;  all  the 
very  tongh  kinds,  such  as  tlie  horn  of  Uie  rhinoceros,  will  be 
easily  cut  after  having  been  boiled  for  a  short  time  in  w  ater ; 
they  should  be  placed  in  tlie  maehine  and  cnt  whilst  warm, 
othcrwiise  the  boiling  will  have  no  beneficial  effect.  If  the 
epeciniens  be  too  small  to  he  cut  to  fit  the  hole  in  the  cutting- 
machine,  they  may  be  finnly  wedged  op  by  pieces  of  wood. 
For  the  purpose  of  making  sections  of  the  porcupine's  quill, 
the  ppinea  of  the  heclgehog,  those  of  certain  fish,,  and  some  of 
the  larger  kinds  of  whiskers  and  hairs,  the  author  has  adopted 
with  success  the  plan  of  making  holes  in  a  block  of  mil  wood, 
and  of  driving  short  pieces  of  them  into  the  holes,  as  if  they 
were  so  many  nails ;  the  block  is  then  placed  in  the  machine, 
and  slices  cut  from  it  in  the  usual  manner;  the  hairs,  from 
being  well  8up]Torted  on  all  sides,  will  not  shrink  from  the 
edge  of  the  knife,  l>ut  w^ill  be  as  easily  cut  as  the  wood  itself. 
The  sections  of  the  hairs  may  readily  be  separated  from  the 
wood  by  laying  the  wood  on  a  piece  of  glass  with  water,  and 
pressing  them  with  a  blunt  pointed  instrument,  or  tearing 
the  section  from  around  tliem.  The  substance  known  as 
whtih'lmne  may  also  be  readily  cut  in  the  machine;  in  order  to 
exhibit  its  stnicturc  in  the  best  manner,  the  sections  shoukl  be 
transverse  like  those  ol'  hair.  The  upper  and  solid  parts  of 
the  horns  of  the  antelope,  ox,  and  other  ruminants  may  aldo 
be  cut  in  a  simihir  way.  Human  and  other  hairs  that  are  far 
too  slender  to  be  sliced  sepjinitely,  may  be  cut  in  a  mass  in 
the  following  manner :- — If  the  hairs  be  made  into  a  bundle, 
and  \nt  all  dij)[)ed  togctlier  into  some  tliick  glue  and  dried,  the 
bundle  will  become  as  solid  as  a  piece  of  wood  ;  this  may  be 
cut  into  lengths  and  wtilged  firmly  in  the  macliine,  when 
transverse  sections  of  the  same  may  be  vcrj'  easily  made; 
these   should    be    rcmoveil   from   the  knife  and  mounted    in 
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C'ana<lu  balflam  with  as  little  separation  as  possible.  Tendons, 
|K\rtiou9  of  elastic  tissue,  and  other  firm  animal  stxxicttin^ 
when  dried,  may  also  be  cut  in  the  same  manner  ub  llie 
Bpccimcns  of  wood  and  horn,  but,  unlike  them,  they  will  be 
found  to  exhibit  no  important  internal  arrangement. 

All  sections  of  homy  tissues,  if  of  a  dark  colour,  should  i»e 
mouote<l  in  balsam;  they  form,  with  very  few  exception^ 
beautiful  subjects  for  polarized  light,  besides  cxhibitingi  ia 
some  instances,  a  remarkable  disposition  of  their  pigment; 
and  in  the  case  of  human  hair,  tntnsverse  sections  are  viUuablet 
as  proving  the  ceUular  arrangement  of  the  interior,  which  1im 
been  ii  matter  of  dispute  w^ith  microscoi^ists  from  the  eariiesi 
times. 


CHAPTER  Xm. 

ON  THE  DISSECTTOX  AND  PREPARATION  OF  VEQETABUK 
AND  ANIM^iX  STllL^CTURES. 

By  far  the  greater  nmuber  of  the  wonderful  and  highly 
interesting  structures  which  it  may  fall  to  tlie  lot  of  the 
iiiicroscopist  to  cxanune,  are  not  presented  to  him  in  a  simple 
and  isolated  fuiTo,  but  are  more  or  less  combined  with  otbei 
tissuea  from  which  they  require  to  be  extracted  or  separated 
by  a  process  termed  (lifiiectlofi ;  this  may  be  divided  into  two 
branches,  one  in  which  the  subject  is  large  and  all  its  i>arts 
perfectly  tangible  and  visible  to  the  unassisted  eye,  whilst  in 
the  other  the  aid  of  the  microscope  and  of  very  dcliciUe 
instruments  is  requisite  for  its  due  performance ;  the  first  is 
called  coarse  or  roughs  the  second  minute  anatomy  ;  in  botli^ 
certain  cutting  and  other  implements  are  necessary,  wliich  here 
demand  our  attention. 

Dissaihff/  Foret'ps, — In  adiUtion  to  the  forceps  alrcaidy 
described  at  page  119,  two  or  three  other  kinds  will  bo 
necessary  for  the  purjuises  of  disscetion:  of  these  the  inort 
useful  are  represented  at  A  In  tig.  207  ;  they  should  be  coin* 
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poeed  entirely  of  eteelj  and  be  at  leaet  five  mcheB  in  length. 
They  luay  be  denominated  the  straight  and  the  curved;  of  the 
first  kind,  or  that  shown  at  A,  two  pairs  will  be  required,  one 


Fig.  207. 

having  the  extremities  broad,  and  the  other  sharp  pointed ;  if 
large  ditfsectionw  be  undertaken,  a  still  stronger  pair,  with  the 
extremities  broMi,  and  nimle  rougli  like  a  file,  will  also  be 
necessary.  In  dissecting  under  tlie  iaicro6co|)e,  the  cuiTcd 
pointed  piur  shown  at  F  will  be  found  most  convenient.  In 
^«U  these  instruments  the  points  should  fit  accurately  together^ 
sometimes  those  that  arc  very  sharp  are  apt  to  cross ;  this  may 
in  a  great  meai^ure  lie  preventcil  by  having  the  branches  wide 
at  the  base  where  they  are  rivetted*  The  points  may  be 
sliarpened  on  a  hone,  and  a  magnifier  employed  to  examine  if 
tliey  fit  closely  together.  Those  tliat  are  provided  with 
notches  at  the  end  should  have  them  alternate,  that  is,  the 
hollow  of  one  should  be  filled  up  by  the  elevation  of  the 
other,  without  which  bodies  will  slip  from  between* 

Scissors, — ^The  scissors  required  by  the  microseopist  are 
siinilar  to  those  used  by  the  surgeon,  the  handles  should  be 
straight,  and  the  ends  oi*  botli  blades  either  sharp  pointed,  as 
ehown  at  B  in  fig*  207,  or  one  may  be  blunt  and  tnmcated ; 
these  last  should  be  Ijent  iis  in  fig.  208;  they  will  be  found 
excec<iingly  useful  for  cutting  oijcn  tubular  ports,  t*uch  im  I  he 
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alimentary  canal  of  animals,  when  they  are  hud  in  a  borizonitid 
position  in  one  or  other  of  the  troughs  presently  to  l»f 
deacribed;  the  blunt  end  serving  to  move  aside  or  gradimllj 


Fig.  208. 


wedge  open  certain  cloeed  partd  without  the  risk  of  cntttog 
them.  Scissora  in  which  the  blades  are  curved,  ae  t^own  at 
D  or  at  E  in  fig*  207  arc  also  very  necceaary. 

Cutting  F(trveps, — This  instrument,  the  inventaoa  of  Mr. 
William  Valentine,  is  represented  by  C  fig.  207 ;  the  lades  arr 
rivetted  at  tlie  end,  as  tliose  of  the  orclinar>^  forceps,  but  the 
cutting  part  consists  of  two  eeissor-shapcd  blades,  which  over- 
lap each  other,  and  are  prevented  from  crocsing  over  too  fiir 
by  a  smtdl  steel  pin,  the  blades  arc  bent  at  an  angle  with  the 
sides,  and  by  this  means  the  instrument  can  be  very  ooove- 
niently  employed  for  dissecting  under  a  lens  of  half-aii-iliob 
tbcua.  An  instrument  constructed  somewhat  after  the  same 
principle  as  the  above,  is  known  as  the  Microtome^  the  inven- 
ticm  of  M,  Straus  Durckhetm ;  it  consists  of  two  Slides,  like  a 
pair  of  dissecting  forceps,  but  each  terminated  by  a  sciasor- 
shaped  blade,  arranged  so  that  its  cutting  edge  is  j»erpendicular 
to  the  broad  surface  of  the  side ;  in  order  to  prevent  the  blade* 
from  opening  too  wide,  a  screw  with  a  fly  nut  is  attached  to 
one  blade,  and  the  other  moves  freely  upon  it ;  the  screw  18 
also  provided  with  another  nut  situated  between  the  blades, 
the  latter  may  be  adjusted  so  as  to  prevent  the  bladee  from 
being  closed  beyond  a  certain  point,  whilst  the  former  served 
to  regidate  the  space  that  the  blades  may  be  kept  open  by  the 
spring.  The  sides  are  not  rivetted  together  as  in  the  dissect* 
ing  foi'ceps,  but  are  united  by  a  lilnge-joint,  in  order  that  they 
may  be  separated  for  the  pur|t08e  of  sharj)cmng  the  bladesi. 

Spring  6Vf."*A'or/r,— These  are  represented  by  fig.  208»    and 
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ctiiii^ist  oi'  u  pair  of  very    ijnmll   scissors,  whose    bliule^  are 
kept  open  by  a  spring  a^     One  of  the  handles  h  attached  to  a 


Fig.  200. 

slender  shaft  of  wood  b^  whikt  the  other  is  curved  aa  at  r,  in 
order  to  be  pressed  upon  by  the  thumb  or  fore-finger  in  Uic 
act  of  cutting.  With  an  instrument  of  thjg  kind,  Swammer- 
diun  IS  Kiud  to  have  made  all  hii*  finest  dissections. 

Method  of  Sharpenitiff  Scissors, — This  may  be  effected  by 
opening  the  Idades  and  noticing  the  angle  at  which  the  edges 
have  been  prcviuiL^ly  ground,  and  placing  them  oti  the  hone 
at  the  same  angle,  and  rubbing  them  Imckwards  and  forwards, 
always  keeping  them  at  the  same  inclination ;  a  few  strokes 
will  genendly  suffice  for  the  purpose,  and  the  blades  need  not 
be  se|mnited  one  from  the  other,  provided  the  hone  to  be 

.employed  (which  should  be  that  known  as  Turkey  stone)  have 
a  fiat  side  tliat  will  allow  of  the  whole  of  the  cutting  part  of 
the  blaile  to  be  rubbed  upon  it, 

Scfiijfehf. — The  name  of  scalpel  is  generally  given  to  the 
small  knives  employed  in  dissections,  each  eonsista  of  a  blaile 
firmly  ri vetted,  as  shown  in  fig.  210,  into  a  flattened  handle  of 

I  ebony  or  ivory,  which  is  made  thin  and  spatula-like  at  its 
extremity.  The  blade  may  be  of  various  shapes ;  tliose  shown 
by  A  B  C  D  E  F  in  fig.  210,  will  be  found  most  generally 
useful,  some  of  them,  such  a«  B  D  E  being  fitrmed  for 
dissecting  small  animals*  where  tlie  [xiint  of  the  blade  ia 
almost  the  only  part  emj>loyed,  whilst  A  and  F  arc  more  fitted 
for  making  long  incisions  in  lai^er  animals,  and  C  for  both 
these  purposes,  and  for  transverse  sections  of  soft  parts  as 
welL  In  the  absence  of  tliese,  the  scalpels  employed  in  the 
medical  schmjis  may  be  used ;  these,  however,  are,  generally 
speaking,  far  too  large  for  all  purposes;  the  small  instruments 


contrived  for  operatioDs  on  the  eye  will  be  foiind  mu^li  more 
suttuble,  and  a  case  of  the  latter  will  be  a  good  siib^tittite  for 
Uie  greater  part  of  the  instruments  above  deacril.KMi 


Fig,  210. 

ValeniifCs  Kmfr. — One  of  the  most  frcquc 
operations  in  microscopical  investigationa  is 
making  of  fine  sections ;  for  this  purpoae  the  ecal- 
pcb  before  notiiuxl,  or  a  razor  may  be  enipl^ 
Imt  for  large  eiibstances  that  are  ^dit  like  the  i i  ,  . 
spleen,  and  kidney,  the  douhh^-biaded  kntfir,  the 
invention  of  Professor  Valentin,  may  be 
with  advantage.  Thia,  as  represented  by  fig. : 
consists  of  two  double-edged  blades,  one  of  which 
13  prolonged  by  a  Hat  piece  of  steel  to  form 
handle,  and  has  two  pieces  of  w^ood  rivettecl  to  ' 
for  the  purpose  of  its  being  held  more  stetulily  ;  to 
tbi.s  blade  another  one  is  attached  by  a  ecrew; 
this  last  is  aUo  lengthened  by  a  shorter  piece  of 
steel,  and  both  it  and  the  preceding  have  elita  cut 
out  in  them  exactly  opposite  to  each  other,  up 
and  down  which  a  rivet  a^  with  two  hcuda^ 
mmle  to  slide,  for  the  purpoae  eitiier  of  aUoi) 
the  blades  to  be  widely  sejwirated  or  brought  so 
closely  together  as  to  touch;  one  head  of  this 
rivet  is  smaller  than  the  hole  in  the  end  of  the 
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slit,  and  ciiii  be  drawn  through  it  so  tliat  tlie  blade  seen  in 
the  front  of  the  figure  may  be  turned  away  from  the  other  in 
order  to  l>e  sUiiqvened  or  to  allow  of  the  section  maile  by  it  l>cing 
taken  away  from  between  the  blades.  Tlie  blatlcg  are  con- 
structed after  the  plan  of  a  double-edged  &C4iIpc4,  liut  their 
opposed  sudaees  are  either  tlat  or  very  slightly  concave,  so 
that  they  may  fit  aceurately  to  each  other,  which  is  cftected 
more  completely  by  a  steady  pin  seen  at  the  base  of  the  front 
blaile.  When  this  instrument  is  required  to  be  us<h1,  the 
tluckness  of  the  section  about  to  be  made  will  depend  uix)a 
the  distance  the  bladeB  are  apart ;  this  is  regidated  by  sliding 
up  or  down  the  rivet  ti^  a^  the  blude8,  by  their  own  ehisticity, 
will  always  spring  open  and  keep  the  rivet  in  place ;  a  cut  i§ 
then  to  be  made  by  it,  a*^  with  an  onlinary  knife,  and  the  part 
cut  will  be  found  between  the  blades,  from  which  it  may  lie 
separated  either  by  opening  them  as  wide  as  possible  by  tJic 
rivet,  or  by  turning  them  apart  in  the  manner  before  described, 
and  tloatmg  the  section  out  in  water. 

DiMcetimj  Nevdiem. — ^These  instrumenta  differ  but  shghtly 
in  shape  from  scaljiels;  they  are  of  two  kinds,  the  straight 
pohiti'd  and  the  airved,  one  of  the  foiiner  is  shown  at  fig.  188, 
page  277,  and  one  of  the  latter  by  fig.  212.      Both  of  Uiese 


Fig.  212. 


forms  can  be  made  sharp  on  a  hone,  and  with  either  of  them 
and  a  delicate  pair  of  forceps,  many  very  excellent  dissections 
of  small  subjects,  such  as  insecta,  may  be  made ;  when  used  in 
pair8»  they  will  be  found  very  serviceable  in  separating  or 
tearing  asunder  delicate  animal  and  vegetable  tissues  under 
the  microscope;  for  this  piu^Jose  a  pair  of  the  cuncd  form 
will  be  found  most  convenient  As  substitutes  lor  the  instni- 
mentjs  just  described,  various  kinds  of  iieedle-holders  have  been 
contrived,  three  of  the  bc8t  of  them?  are  shown  in  fig.  213; 
in  all,  needles  of  various  shapes  and  sizes  can  be  held  fimdy — 
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in  the  first  and  third  the  needle  ia  secured  by  a  sliding  ring, 
and  in  the  second  by  two  screws ;  in  the  first  and  tbini  aki 


Fig.  213. 

the  handle  is  hollow  to  contain  nectUes,  btit  in  the  second  it  is 
solid.  When  needles  are  employed,  they  may  be  cur^-ed  by 
making  them  red  hot  in  the  flame  of  a  spirit  iainp^  and  mJHtf 
they  have  been  bent  to  the  proper  shape,  they  may  be 
hardened  a<:^in  by  heating  them  a  second  time,  and  dipping 
them  in  cold  water  or  tallow.  The  needles  selected  shcmM 
not  be  very  long,  as  they  are  apt  to  be  too  springy ;  in  these 
cases  they  sliould  not  be  allowed  to  project  far  beyond  the 
holder.  Their  points  may  be  ground  very  sharp,  or  be  made 
witli  a  rutting  edge  like  a  scalpel,  by  means  of  a  Turkey 
stone.  These  instruments  are  sometimes  employed  for  mount- 
ing objects  in  balsam,  as  described  at  page  277;  Imt  a  more 
common  kind  will  on  the  whole  be  quite  as  convenient^  and 
less  trouble  will  be  required  in  keeping  them  clean** 

Non-cutting  Imtrtimmts* — IJeairles  the  instninienta  abov^e 
mentioned,  many  otliers  will  be  found  necessary  for  the  pur- 
poses of  dissection;  these  cont<ist  principaDy  of  trouglis  or 
vessels  for  holding  the  subjects  to  be  dissected,  of  blocks  of 
wood  tor  supiKjrting  the  same,  of  corks  loaded  with  lead,  and 
of  supports  for  the  arms  and  wrists,  termed  rests ;  pina  of 
various  kinds,  bnices,  a  pair  of  phers,  an  old  scalpel  or  two^ 
and  a  small  syringe  will  aO  be  occasionally  required. 

TVoi/^A*,— As  most  delicate  dissections  are  conducted  under 
water,  some  form  of  vessel,  matle  either  of  metal,  earthenwaret 
or  glass,  should  be  employed.     These  may  be  of  various  aijDcs^ 

♦  All  tlie  various  kimli^  of  cutting  in^tninients  employed  for  dlescctiiig 
may  be  obtained  of  Mr.  Thamai*  Wee«loTi,  Sui^ical  Instrument-maker, 
Ko.  41,  Hart-Ftreet^  Blooiusbury,  whose  ingenuity,  as  displayed  in  tlieir 
construcUoni  is  so  very  well  known* 
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fi'oni  a  foot  to  two  inclies  in  length,  and  of  a  proportionate 
breadth  and  depth,  if  made  of  metal,  tin,  or  zinc,  well  japanned 
ehoidd  be  used ;  the  ehape  shonld  be  such  that  the  bottom 
may  give  firm  support  to  a  loatled  cork.  Various  dejieriiitions  of 
earthenware  troughs  are  kept  on  ssde  in  shop,  that  will  answer 
very  well  for  many  purpoaes;  these  are  certain  kinds  of 
square  soap  diBhcs,  some  provided  with  covers,  others  not; 
saucers  of  various  sizes,  sntall  covered  jarg,  in  which  potted 
meats,  pomatum,  and  substances  of  a  like  kind  arc  kept,  will 
be  found  very  usefid  occaraonally.  Convenient  troughs  may 
also  be  made  of  pieces  of  stout  plate^lasii,  cemented  together 
by  marine-glue ;  their  edges  should  be  ground  flat,  so  that 
another  piece  of  plate-glass  may  be  laid  on  to  fonii  a  coven 
Those  troughs  that  arc  white  in  the  inside  may  lie  made 
bkck  with  sealing-wax  varnish,  but  in  these  spirit  cannot  be 
employed.  The  most  convenient  sizes  for  troughs  in  which 
injections  arc  to  be  examined  imder  the  compound  microscope, 
are  three  inches  square  and  one  inch  deep,  or  three  inches 
long,  two  inches  wide,  and  one  inch  deep ;  much  larger  sizes 
than  these  caimot  be  well  supported  on  the  stage-plate. 
When  small  objects  are  necessary  to  be  dissected  by  trans- 
niitted  light,  some  of  the  ceils  des<?ribed  at  page  2^0,  may  be 
employed,  tlie  plate-glass  will  allow  the  light  to  pa^  through 
readily.  Mr.  Pritchanl  supplies  with  his  microscopes  some 
little  brass  troughs,  with  glass  bottoms;  tlicse  can  be  fixed  to 
the  stage-plate  by  a  bayonet  catchy  and  will  be  found  exceed- 
ingly useful. 

Loaded  Cifrks. — These  consist  of  flat  pieces  of  cork,  of 
various  degrees  of  thickness,  that  are  covered  over  on  their 
under  surfaces  with  sheet-lead  of  sufiicient  weight  to  make 
them  sink  in  fluid.  The  lead  may  either  be  cemented  to  the 
cork,  or  it  may  be  cut  a  little  larger  than  it,  and  folded  over 
the  edges  rather  loosely,  so  that  when  the  cork  is  exjianded 
by  the  fluid,  it  may  not  rise  up  in  the  middle.  If  a  loadeil 
cork  is  not  at  hand,  its  place  may  be  supplied  with  a  plate  of 
the  required  size,  kept  steady  by  flat  weiglits  of  lead.  Some 
persons  employ  plates  of  wax,  or  some  of  the  same  snbstiincc 
melted  into  the  liottom  of  the  trough,  ns  a  substitute  for  the 
21 
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loaded  cork,  but  the  pins  do  not  bold  in  it  Tery  welL  llr* 
Goadljy  has  described*  a  plan  of  securing  insects  about  lo  W 
dissected  by  a  mixture  of  white  wax,  fluJce  white,  Venice 
turpentine,  and  hogs'-lard;  into  this,  when  incited  in  ibe 
bottom  of  the  trough,  the  insect  was  placed^  and  when  the 
mixture  became  cold,  the  insect  was  fixed  in  the  podtioo 
required.  The  subject  about  to  be  dissected  may  be  attiched 
to  the  cork  by  pins,  or  some  thin  braces  of  cork»  with  a  ptn  it  { 
each  end,  may  eer^e  to  contiue  any  part  too  tender  eitlierto 
receive  a  pin  or  that  would  be  injured  by  it-  Small  hoola^ 
made  out  of  pins,  needles  of  various  sizes,  and  spines  of  Corf^ 
will  all  be  found  of  essential  service  for  the  purpose  of 
flecuring  delicate  animali?  to  the  cork. 

Rests, — Thefic  consist  of  two  inclined  plunee  of  deal  or  other 
wood,  as  shown  at  a  i,  in  fig,  214,  for  tlie  purpose  of  supporting 
tlie  arms  and  wi*ists  of  the  dissector.  They  may  be  mnde  of 
the  following  dimensions,  ^^E,,  eighteen  inches  long,  six  inches 
wide,  and  one  inch  thick;  the  upright  piece  to  support  the 
raised  end  should  be  about  six  inches  high.  If  the  trough  in 
wliich  the  dissection  is  placed  be  large  and  steady,  the  uprights 
may  be  dispensed  with,  and  then  two  plain  pieces  of  wood 
resting  on  the  sides  of  the  trough  will  answer  equally  well 
Blocks  of  wootl,  of  various  sizes,  will  be  reqiured  to  elevate 
the  troughs  to  a  particular  height  for  dissection-  The  pliers 
will  be  useful  for  bending  the  pins  and  pressing  tJxem  fimilv 
into  the  cork,  and  the  small  syringe  will  be  necessarv  for 
washing  away  particles  of  fat  or  other  loose  kinds  of  tissue 
that  may  be  found  in  the  interior  of  small  animals, 

•  Transactions  of  the  Society  of  Arts,  Vol  L„  Fart  ii,,  p«ge  111, 
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METHOD  OP   DlSSECTrNO  VEGETABLE  AWD  ANIMAL  TISSrES. 


Vegetables. — The   proccBS   of  dlasecting  vegetable   tissues   ia 
much  imire  eiwy  and  less  coiBi>ricat«,Hl  than  that  of  animals,  the 

ichief  operation  in  the  foniicr  being  the  sepanition  of  the 
woody  and  vascular  part«  from  the  inventing  cellular  oues; 
this  \&  clFcetcd  by  the  combined  openitions  ot*  macerating  and 

f  tearing,  little  (if  any)  absolute  cutting  being  requireci 

For  tJic  pnq>ose  of  dissecting  spiral  \  cssek,  and  particular 
kindd  of  wocKiy  fibres,  either  of  the  simple  microscopes  before 
mentioned  will  suffice ;  of  these,  perhaps,  that  of  Jlr,  Shw*k, 
dcseribed  at  page  56,  will  he  the  best ;  but  that  of  Mr.  Powell, 

'figured  at  i>age  52,  or  tliose  of  Sir.  Koss,  at  paged  59  and  61, 
when  provided  with  the  arm  rests,  will  be  found  nearly  as 
convenient  A  gooA  idea  of  the  stnicture  of  a  plant  may  be 
known  by  sections  made  in  varicms  ports  and  ilireetions  by 
tlic  maclune,  described  at  page  307  ;  but  the  individual  oella 
or  vessels  most  be  dissected  away  from  the  enveloping  ti?*9ue« 
before  their  true  nature  can  be  proi>erIy  understood.  ITie 
process  consists  of  making  these  tissues  very  soft  by  macera- 
tion, in  order  that  they  may  easily  be  separated  from  othera 
tliat  are  more  duraihle ;  the  niacemtion  t^hould  be  carried  on  in 
water,  which,  for  the  purpose,  should  not  be  changed  (however 
ofFensive  it  may  become)  until  the  parts  dissected  are  clean 
enough  to  be  mounted,  as  the  axhlition  of  fresh  water  will 
retaixl  the  macerating  proc^ess.  Supposing  the  objects  to  be 
dissected  out  to  be  spiral  or  other  ve^els,  and  tliat  by 
maceration  tlie  surrounding  imrts  are  soft,  a  [H)rtion  containing 
the  vessels  nutst  be  laid  either  in  a  glass  trough,  or  on  a  glass 
with  some  water,  and  jtlaced  upon  the  stage  of  the  microscope, 
one  part  being  held  with  the  forceps,  whilst  another  pair  of 
forceps,  or  a  dissectlng-ncedle,  is  employed  to  sepamte  alt  the 
cellular  tissue  from  the  vessels ;  sometimeB  two  of  the  needles 
may  be  used  for  the  purpose  instead  of  the  fon^cps.     As  soon 
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as  tlie  whole  or  any  of  the  Teesela  have    been   eofficiejitlr 

cleaned,  they  may   he  placed   in  eome  finesh    water,  and  the 

prt>ce8a  of  disftcction  repeated  until  they  are  fit  for  motmtiT/' 

which  should  be  done  in  fluid  in  a  thin  glass  or  other  euita 

cell.     When  the  vegetable  matter  is  very   tough,  and  tlie 

vessels  firmly  aggregated  together  in  bundles,  as  in  the  c<lil>l 

rhubarb  and  asparagus,  they  may  be  easily   separated  nn,i 

boiling ;  this  plan  will  also  answer  very  well  for  leaves  thai 

are  very  thick,  sind  from  which  the  cuticle  can  only  be  dissected 

with  difficulty.      Dilute  muriatic  acid  may  also  sometimes  be 

employed  as  a  macerating  fluid ;  but  if  the  parta  are  suh^^  - 

quently  to  be  dissected,  the  vegetable  matter  should  be  wdl 

washed  before  the  steel  inBtruments  are  used,  otherwise  they 

will  be  liable  to  become  rusty.    In  such  plants  as  the  rhubarb, 

and  various  siK'cies  of  cactus,  in  wliich  oxalate  of  lime  abotmdtt 

in  stellate  crystiils,  tcrmetl  raphidts^  caustic  potash  nwiy  be 

employed  to  decompose  the  vegetable  tissue ;  and,  to  save 

time,  tlie  potash  may  be  heated,  and,  after  sundry  wasliings  in 

boiling  water,  the  cry^stals  may  be  obtained  i>crfectly  clean* 

The  cuticle  of  the  leaves  of  many  plants  may  be  veiy  easily 

removed  after  a  little  maceration ;  a  small  portion  may  he 

seized  by  the  forceps  and  torn  oft";  much  larger  pieces  may  be 

frequently  stripped  off"  by  means  of  a  scalpel  and  the  thtunK 

the  cuticle  being  first  raised  by  the  former,  tlien  firmly  kept 

upon  the  blade  by  the  latter,  and  torn  in  the  directicin  in 

which  it  is  mfjst   abundant.     The  cuticle  of  the  Pelarffmimm 

tribe  will  be  found  amongst  the  most  beautifiil. 

Animal  Tissuis, — For  this  puq>ose  all  the  apparatus  descrl 
under  the  head  of  dissecting  instruments  will  be  reqi 
In  the  in  vertebrate  series,  the  process  resembles  very  much 
tliat  of  vegetables  ;  after  having  laid  oj^cn  the  body,  the  various 
parts  may  be  separated  or  unravelled  by  means  of  the  forceps 
and  the  dissecting  needles,  but  in  the  higher  or  vertebimte 
series,  the  scissors,  scalpels,  and  the  other  cutting  instruments,  ^H 
will  be  in  frequent  denuind.  It  would  be  impossible  in  a  ^^ 
treatise  like  the  present  to  give  a  code  of  rules  applicable  to 
ail  kinds  of  aniomls,  but  our  remarks  must  be  confined  to  those 
most  genenilly  uscJul  to  the  microscopist,  as  ftill  directions  for 
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coanacr  didBections  will  he  found  in  works  devoted  especially 
llo  tlie  subjecL 

The  dissections  in  which  tlie  micTOscope  ia  most  frequently 
employed,  are  those  of  the  ner\  ous  syeteni,  either  in  small 
aniamle  or  in  minute  parts  of  the  lai'ger  ones ;  for  this  purpose, 
either  of  the  simple  forms,  especially  that  of  Messrs.  Powell 
and  Lealand,  described  at  iwige  52,  will  be  found  useful.  The 
subject  to  be  dissected  may  be  securely  fixed  to  a  le>atled  cork, 
and  be  placed  in  a  trough  containJii*^  water,  as  shown  at  c  in 
fig,  214;  where  also  ai*e  represented  at  ab  the  two  iuclined 


Fig.  214. 

supports  for  the  arms,  termed  rests ;  these,  as  described  at 
page  322^  consist  of  two  inclined  planes  of  deal  or  other  woody 
placed  one  on  either  ^ide  of  the  trough  in  which  tlie  subject 
to  be  dissected  is  contained,  and  giving  firm  support  to 
the  arms  and  wrists  of  the  oi>erator.  If  the  trough  be  a 
shallow  one,  it  may  be  raised  on  a  Ic%^el  with  the  rcjits  by  one 
of  the  hlm:L%  as  shown  at  fh  The  microscope  is  to  be  brought 
over  the  trough,  and  the  sulycct  adjusted  to  tlie  focus,  an  incli 
or  a  two-inch  uiaguifier  may  be  emj>Ioycd,  or  even  higher, 
according  to  the  dclicjicy  of  the  dissection;  if  the  subject  be 
very  minute,  it  may  be  placed  in  a  small  trough,  and  be  dis- 
sected ujKin  the  stage  of  such  microscopes  as  those  reprcscntcfl 
by  figs.  3^-7-8,  and  9.  These  instruments  will  be  found 
particularly  usci'id  in  the  pre[mration  of  muscular  and  nervous 
fibres,  and  objects  of"  a  similar  kind,  previous  to  their  exami- 
nation under  higher  powers.  The  compound  microscope,  when 
provitlcd  with  the  ^re'c/t^r, described  at  page  109,,  will  answer  very 
weU  for  many  kinds  of  dissection,  as  both  the  object  and  the 
dissecting  instruments  are  not  inverted,  but  are  seen  in  their 
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natural  position  ;  the  magnifying  power  of  the  microecope  can 
al^  be  greatly  reduced  by  the  employment  of  the  erector* 
M,  OlitThaiiser,  of  Paris,  has  coostrneted  a  microewjope  on  this 
priiieiple,  for  the  purposes  of  dii^sectlon,  in  which  only  one 
object-glass  is  required  for  all  variations  in  the  nu^^nifying 
pi>vver,  from  eight  to  one  hundred  and  thirty-five  dianieters. 
This  instrument  is  represented  by  fig.  215,  and  consistj$  of  a 

circular  foot  or  base  a  A,  four 
incheis  in  diimicter,  with  which 
is  comiected  a  Btout  tube  <r,  two 
inches  high,  supporting  a  stage  e, 
the  intei-nal  part  of  tliis  F  being 
of  black  marble  unpoli^s^hed;  tlie 
tube  c  IS  capable  of  being  turned 
on  the  foot  a  b,  and  the  stage  e, 
together  with  the  compound 
bmly  aud  lis  support  ^  h,  can  be 
turned  ui)on  it  The  tube  had 
an  oblong  opening  in  finont,  one 
inch  and  a  half  broad,  to  allow 
the  light  to  fall  on  the  minx»r  iw, 
and  by  the  motion  of  the  tube 
on  the  foot,  this  opening  can  be 
placed  in  any  position  to  receive 
the  light  without  turning  either 
y/\o  the  eomjjound  boily  or  the  foot 
in  tlie  same  direction.  The 
mirror  is  inclined  at  any  angle 
^^l?*215.  \yy  nieaua  of  the  milled  head  d. 

The  stage  is  somewhat  like  a  battledoor  in  shape,  and  to  the 
nan-ow  part,  forming  the  handle,  a  strong  support  y  for-the 
comf>ound  body  h  is  firmly  attached.  The  compoiuul  body 
itself  is  eom{K)sed  of  three  tubes  h  I  K,  sliding  one  n^^thin  the 
other.  Tlic  outer  one  h  serving  for  the  attachment  of  all 
tliree  to  the  supix)rt  y,  Uie  next  tube  I  carries  the  object-glaaa 
o,  and  is  moved  up  and  down  by  rack  and  pinion,  the  latter 
being  eonnccted  with  the  milieil  head  L ;  by  means  of  this 
*  -  ffM nl  juffiutmenl  is  inmlc.     The  ihini  tube  K,  ciirrjing  tlie 
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cye-piecc  n  at  its  u[H)€r  mid  an  t^rerkir  at  iU  lower  end, 
is  ulsML*  uiavcd  up  and  do^vn  by  rack  autl  pinion,  by  turning 
tbo  milled  head  L'.  liy  the  eiii[>lovment  of  an  erector 
at  tJie  lower  end  of  the  tube  K,  ilua  microscope  becomes,  in 
every  respect,  similar  to  tlie  compound  instrument  dei*cribed 
at  i>age  6%  and  objects  are  not  seen  by  it  in  an  inverted 
position,  therefore  it  can  be  employed  in  dii^ectlng.  When 
the  tuf>e  K  ia  turned  down  clo&cly  upon  I,  the  objcct-gla&s  o 
ia  farthest  from  tlie  object,  and  a  magnify Ing  power  of  eight 
diameters  is  obtained  ;  but  if  tliis  tube  be  turned  out  as  far  as 
it  will  go,  the  object-glass  must  then  be  brought  nearer  tlie 
objert,  and  the  magnifpng  power  will  be  as  much  as  one 
hundred  and  tliirty-five  diameters*  This  microscope  will  be 
found  verj-  convenient  for  many  purposes  where  a  grent 
amount  of  defining  power  is  not  required;  and  as  any  variation 
in  its  magnifying  l>€twcen  eight  and  one  hundred  and  thirty- 
five  diameters  cim  be  readily  obtsdned  by  turning  the  milled 
heads  L  and  L',  without  tlie  trouble  of  shifYing  the  oljject- 
glass,  this  point  alone  is  sufficient  to  entitle  it  to  a  fair  t^hare 
of  praise.  The  authors  attention  was  first  directed  to  this 
microscope  by  Dr.  John  Hughes  Bennett,  but  the  descrip- 
tion  was  token  from  a  similar  instalment  in  the  possession 
of  Mr.  C.  H.  llallett 

If  the  subject  to  be  dissected  be  a  portion  of  injected 
mucous  membrane,  it  may  be  pinned  out  on  one  of  the  loaded 
corks,  and  placed  in  a  trough  with  water;  and  if  it  has 
previously  been  kept  in  spirit,  it  should  be  well  washed  in  the 
water  before  examination  by  the  microscope,  for  this  pur|K)sc 
the  snudl  syringe  alluded  to  in  page  322,  will  be  reiiuired* 
The  subject  may  either  be  dissected  imder  a  lens,  or  may  be 
from  time  to  time  examined  by  a  eompound  microscope  as  the 
dissection  is  being  proceeded  with;  for  tliis  purpose  the  instru- 
ment descril)ed  at  pi^e  53  may  be  employed,  or  one  of  the 
kind  represented  by  fig.  216,  which  the  author  has  found  very 
convenient,  and  is  in  the  habit  of  keeping  always  on  tlie  table 
whilst  dissections  are  being  carried  oil  It  consists  simply  of 
a  tube  a  b,  forming  a  compound  bo*ly,  whicli  is  ca|mblc  of 
being  moved  up  or  down  in  an  outer  tube,  supported  on  a 
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DISSECTION  OF  PARTICULAR  TIS6trE& 

Nerve* — The  more  delicate  the  structure  of  any  tissue,  the 
Booner  after  death  should  its  diesectioii  take  phice;  thus 
nervous  matter,  whose  peculiar  chamctcre  arc  the  least  perma- 
nent of  all,  ahould  be  examined  with  a^*  little  delay  as  possible. 
If  the  ultimate  fihrillte  be  required  for  inspection,  a  small 
nerve  should  be  selected  and  be  placed  on  a  slide^  with  a  little 
serum  of  the  blood  of  the  animal;  or,  in  the  absence  of  tliis, 
a  small  quantity  of  the  w^hite  of  an  egg ;  and  be  torn  as  gently 
as  possible  with  tlie  dissecting  needles ;  a  thin  cover  may  be 
laid  over  it  previous  to  its  being  viewed*  As  soon  as  tlie  true 
structure  has  been  well  seen,  water,  ether,  and  other  flulde 
may  be  added,  to  show  how  much  they  change  its  original 
appearance. 

AfjiAT/e-.-— This  may  be  selected  from  an  animal  at  a  later 
period  after  death  than  nerve  (unless  tlie  changes  it  imdergocs 
in  contracting  require  to  be  examined),  as  its  jieculiar  charac- 
ters are  much  more  permanent*  A  small  portion,  freed  from 
all  cellular  tissue,  may  be  removed  from  the  masSy  and  be 
placed  on  a  slide  \vitli  some  kind  of  fluid;  the  slide  may  then 
be  laid  on  the  stage  plate  of  the  dissecting  microscope,  and  the 
fibres  torn  asunder  by  the  needles,  as  in  the  case  of  nerve ; 
if  the  parts  recjuirc  to  be  preserved  in  fluid  as  an  object  for 
futiu*e  examination,  the  fibres  muy  be  laid  on  the  slide  without 
any  moisture  being  present ;  and  after  the  separation  has  been 
carried  as  far  as  necessary,  then  the  preservative  fluid  may  be 
added,  and  the  c^vcr  laid  on  and  scaled  down  with  the  gold- 
size  in  the  usual  way ;  when  tlxis  is  done  there  will  be  very 
little  risk  of  tlie  preparntion  shifting  its  iilace,  which  would 
happen  if  it  were  removed  to  another  slide^  The  nerves  of 
muscle  may  be  displayed  in  a  thin  layer  of  delicate  fibres, 
which  fonii  a  jwrtion  of  the  alxlominal  wall  of  a  fi"Og ;  by 
employing  the  compressor,  they  may  also  be  seen  with  the 
capillary  blood  vessels  as  well  in  some  of  the  very  thin 
recti-musclcs  of  the  cvcb  of  small  bii^s ;  for  this  purpose  the 
eye  should  be  removed  as  soon  after  death  as  possible,  and  the 
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tnoet  transparent  af  the^  musclea  diasected  airny,  and  hii 
between  glaaaeBi  or  in  one  of  the  forma  of  causfstmm 
described  at  page  121 ;  if  this  be  managed  carefully,  the  Uool 
will  be  seen  in  the  veaeels^  and  a  good  ricur  will  be  obtauKd 
of  the  conii>arative  siues  of  the  nervous  and  muscular  fibfoi 
of  the  capillariedy  and  even  of  the  blood  puticlea  then^ 
selves.  The  mode  of  connection  of  the  muscular  fibres  with 
thoee  of  tendon,  may  also  Ik?  very  well  studied  in  a  jirepuv 
tion  of  thia  kind.  The  large^st  muacular  fibres  will  be  foitiid 
in  fishea  and  reptiles,  the  smallest  in  birds.  The  fibrilhe  nrnj 
he  well  displayed  in  the  mu^le  of  some  of  the  cruataeea,  evtn 
the  shrimp  and  the  lobster  will  ahow  them  after  they  ha^ 
^leen  Vx>iled ;  but  the  Ijest  gpeeimens  of  all  may  be  obtabit^ 
from  the  muscle  of  the  pig,  the  very  ex(|uisite  speciineDfl^  f<  / 
the  pre  para  tion  of  which  Mr.  Lealand  liad  become  so  jussLh 
celehntttMl,  ixm  said  to  be  procured  from  thia  ATitfiiiJ^  Thr 
voluntary  muscular  fibres  of  all  the  vertebrate  ^utm^Lk  hi^. 
transverse  striaD ;  but  the  involuntary,  with  the  exception  vl 
those  from  the  heart,  are  without  tliem.  In  the  invertebmte 
series,  according  to  Mr,  Busk,  Uie  articulate  animal^  encb  \ 
insect^^  have  strise ;  but  the  other  classes,  such  as  the  moUti 
and  cepbaloiK)da,  although  higher  in  the  scale,  rarely  have 
markings  at  all.  The  involuntary  fibres  are  best  procured  bv 
being  dissected  from  the  muscular  coat  of  some  part  of  the 
intestine  or  the  fitomach  of  animals;  they  are  more  difficult  ot* 
separation  than  those  of  voluntary  class,  and  much  sooner  lose 
their  characteristic  structure.  The  fibres  of  old  animals, ; 
even  of  young  ones,  from  want  of  use,  sometimes  undei^  i 
fatty  degeneration ;  this  is  known  by  a  nearly  total  absence  of 
the  strite,  and  by  the  presence  of  numbers  of  oil  globulej 
instead ;  thc^e  last  may  be  known  (as  will  be  again  pointed 
out)  by  their  ready  solution  in  sidphuric  ether, 

Tracfwm, — These  may  he  l>eantifully  seen  in  some  of 
small  parasitic  insects,  when  mounted  either  in  fluid  or 
Canada  balsam  (provided  the  latter  has  not  gained  entracice 
into  them,  as  then  they  will  be  more  or  less  indistinct).  The 
an-angement  of  the  lai'ge  bmuelies,  ami  their  communication 
witli   the  external    orifices,    termed   xjtiracU**^    may    be    wcU 
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(Jbj>layetl  in  the  perfect  insect ;  but  for  their  mioute  dietri* 
butiuri  upon  the  coats  of  tlie  various  yiscera,  as  well  as  for 
their  examination  with  high  powers,  the  dissection  of  each 
l>art  sepamtcly  will  be  required.  For  this  purpose  the  insect 
should  be  placed  in  one  of  tlie  small  troughs  witli  water,  and 
be  securely  fixed  to  a  loiided  cork,  or  to  a  plate  of  wax  by 
pins ;  the  body  being  laid  open,  next  to  the  large  viscera  the 
tmcheie  will  become  visible ;  the  stomach  or  intestinal  canal, 
if  large  and  tmns^parent,  will  exhibit  the  minute  ramifications 
the  best ;  for  this  piiqi<:>se  after  being  elit  open  and  well 
washed,  they  should  either  be  mounted  in  fluid,  or  be  placed 
uiJK>n  a  slide  to  dry ;  if  care  be  taken  in  the  mounting,  they 
will  show  very  well  in  hal&am-  The  best  plan  to  pursue  in 
tliese  eases,  in  onler  to  prevent  the  balsam  from  entering  the 
tube,  is  to  drop  a  little  of  it  when  warm  uiwn  the  prc^mration, 
and  before  it  gets  quite  cold,  to  lay  on  the  cover  (with  its 
under  surface  heated),  and  to  press  it  to  exclude  all  the  air 
bubbles  and  the  excess  of  balaam.  When  tlie  entire  trat?heal 
system  is  required  to  be  dissected  from  the  larva  of  an  insect, 
all  the  \4sceni  should  be  taken  out,  the  main  trunks,  with  their 
tufts  of  branches,  will  be  then  seen  running  down  on  either 
side  of  the  body;  and  if  care  be  taken  in  the  dissection,  the 
whole  system  may  be  removed  from  the  visceral  cavity,  and 
be  laid  out  on  a  slide  to  dry  previous  to  being  mounted  in 
balsam.  By  far  the  most  simple  method  of  procuring  a  perfect 
system  of  tracheal  tubes  trom  the  larva  of  an  insect,  is  to 
make  a  small  opemng  in  its  body,  and  then  to  place  it  in 
strong  acetic  acid ;  this  will  soften  or  decompose  all  the  \i6cera, 
and  the  tracbeie  may  then  be  well  washed  with  the  syringe, 
and  be  removed  from  the  body  with  the  greatest  facility^  by 
cutting  away  the  connections  of  the  main  tubes  with  the 
spiracles,  l>v  means  of  the  fioe-jjointed  scissors ;  in  order  to 
get  them  u[x>n  the  slide,  this  must  be  put  into  the  fluid  and 
the  ti-acheic  floated  upon  it,  after  which  they  may  Ik*  laid  out 
in  tlieir  proper  position,  tlien  dried  and  mounted  in  balsam. 

Tfif'  Spiracles  require  very  little  di^eection,  they  may  be 
cut  from  the  hotly  '^vith  a  scjdjH'l  or  a  pau*  of  scissors,  and  be 
mounted  either  in  fluid  or  iubalHam;  very  beautiful  cxainplofl 
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may  be  seen  in  the  DyticttJs  mar^iitalisy  in  the  larvse  of  the 
Bhn^flyj  and  tlie  Cockchafer^  and  other  equally  common  insects. 
Large  tracheal  vcBi^ek,  when  cut  across  transversely,  will 
sometimes  exlnbit  the  fibre  unrulling,  ad  is  often  seen  in  tlie 
spiral  vessels  of  plants ;  but  the  two  (lifter  in  this  respect,  in 
plants  the  BpliTil  fibre  ia  situated  \ritlun  a  membrane^  whilal 
in  insects  it  is  between  two  membranes. 

Having  now  given  some  preliminary  directions  that  may 
be  required  by  the  microscopist  for  the  dissection  of  imi>orlaut 
(wirts  of  animals  in  general,  it  only  remains  to  deacribe 
the  liest  method  of  proceeding  to  procure  certain  well  known 
preparatjons  from  particular  individuals ;  these  will  be  referred 
to  separately  in  that  part  of  the  work  devoted  to  the  prepam- 
lion  of  objects  of  great  interest. 
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HETHODS  OF  EXQIDITIXG  OBJECTS  OF  nfTEBfiSfV 

Clrcuhtion  of  the  Blood.-^Tlm  wonderful  phenomencN!!, 
although  insisted  on  by  the  immortid  Harvey*  was  never 
witnessed  by  him;  it  appears  to  have  been  first  discovered  in 
the  ivater  newt,  by  Mr.  William  Molyneux,  in  the  year 
1683»*  Lecuwenhoek,  the  father  of  microscopical  discoveries 
was  cognizant  of  it,  and  in  his  works  are  given  botli  illustra- 
tions and  descriptions  of  tlie  methoil  of  examining  it  in  a 
little  fish  and  in  an  eel ;  it  was  also  the  most  favourite  object 
for  exhibition  with  the  older  microscopistd,  and  QXi^rj  instru- 
ment was  provided  with  its^h  jnin  and  its  tule  for  small  ecla. 
In  more  modern  times  the  finog  has  been  principfdly  used  fi*r 
the  purpose;  and  by  the  achromatic  com]>ound  microecojie 
the  circulation  has  been  witnessed  in  some  of  the  smaller 
mammaliii,  in  insects^  in  Crustacea,  and  even  in  animalu  as  low 
in  the  scale  as  the  polypiferous  zoophytes. 

*  PhihMophicnl  TranMKiiomf^  VoL  xr^  p.  l^S$* 
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In  certain  spiders  and  insecU  the  circulation  may  he  shown 
by  placing  them,  witlioiit  water,  in  an  animalcule  cage  (which 
will  be  found  to  answer  the  pnri>09c  of*  the  live  hot  of  the 
older  microscopists),  or  they  may  be  held  by  the  forceps;  in 
some  spiders  it  may  be  seen  in  the  lege;  in  insects  in  the 
transparent  wings  and  antenna?,  and  S47metime8  in  the  lega: 
accortling  to  Mr,  Pritchjird,  it  may  be  witnes&ed  in  the  Perla 
viridis  and  Sentbiij!  bilijieata,  when  they  have  just  ernergc<l  from 
the  cbrysalia.     The  most  favoorable  snbjects  for  its  exhibition 
are  tho&e  found  in  water,  viz.,  certain  lar\'a*,  together  with 
gnaall   erustaeea   and   aniielides;    the^e    may   be    placed    ffjr 
examination   either   in    the    animalcule   cages",   descriljcd   at 
page  114,  or  in  the  water  trough,  sliown  at  fig.  82,  or  even 
into  any  suitable  tul>ular  or  drilled  cell,  and  be  covered  over 
with  thin  glass.     Amongst  the  most  beautiful  are  the  lar\8B 
of  the  following  insect??,   viz.,  the  Ephemem  or  day-fly,  the 
Plumed  gnat,  the  Hydrophilua  earaboides,  and  a  Dragon  fly 
named  Agrion  puella;  and  amongst  the  Crustacea  may  be 
mentioned  the  onlinary  Water-flea,  or  Monoculus,  the  Daplniia 
pulex^or  arborescent  water-flea,  both  of  which  arc  ver^^  common 
in  stagnant  pools,  together  with  the  fresh-water  shrimp,  and 
various  sjiecies  of  Oniecui*  or  water-hog,  aU  of  which  may  be 
examined  in  tlie  water  trough,  or  in  a  lai-ge  animalcule  cage. 
The  ciK*ulation  in  the  larva  of  tlie  Epliemera  marginata  has 
been  accurately  described  in  the  first  volume  of  tfie  Entomo- 
Imfical  MmffrntiTy  by   Mr,  Bowerbank ;  where  also  may  be 
seen  a  weO  executed  ligiure  of  the  lan'a,  as  shown  by  the 
microscope.     The  blood  is  colourless,  and  consists  of  nmnerous 
oat-shaped  cells  or  particles  not  contained  in  vessels,  but  which 
are  sent  to  all  parts  of  the  body  l»y  the  pul^itlon  of  a  lai-ge 
dorsid  vessel  or  heart,  extending  nearly  the  wliole  length  of 
the  trunk,  and  funiished  with  valves  of  a  peculiar  construe- 
tiim,  about  equal  in  number  to  the  segments  of  the  body. 
Besides  the  circulation  of  the  blood  in  this  animal,  there  are 
many  other  jtoints  of  interest  which  may  be  seen  Willi  the 
half-inch  object-gUiss*      The  structure  of  the  valves  can  only 
be  well  seen  when  they  move  slowly,  and  then  only  in  the 
three  or  four  last  segments  of  the  body,  when  the  vital  powers 
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nearly  exhuusted.  In  the  Daphnia  pulex,  the  ovil  doml 
'vessel  or  heart  may  be  seen  piJftating  rapidly  on  its  lort 
convex  side  or  back«  and  the  corpuscles  of  blood  mflv  W 
noticed  in  its  immediate  neighbourhood  in  an  active  stak  \d 
movement,  by  a  magniiying  power  of  two  hondred,  or  the 
quarter-of-an-lnch  object  glass,  when  the  animal  is  oonfimd 
in  a  large  animalcule  cage.  In  page  41  of  the  second  editicio 
oC  the  Mieroffrttphia  UhtMrata  of  the  elilor  Adams,  publiAfd 
in  1747,  it  is  stated  that  the  circulation  could  be  seen  in  tke 
\vg^  and  feet  of  small  spiders,  in  the  legs  of  bugs ;  and  the 
movement  of  a  greenish  fluid  was  also  to  be  obsened  in  tl« 
wings  of  gmsshoppors,  Leeuwenhoek,  he  tells  u^  discovered 
the  citTuktion  in  the  sluimp,  and  even  in  tlie  farthest  jointe  of 
the  legs  of  little  crabs,  which  animals  **  may  be  found  under 
Ijrickbats  and  stones  on  the  shores  of  tJie  river  Tlxame^,  when 
tlie  tide  is  out'^  Unfortunately  for  the  microscopist,  tliese  Isft 
no  longer  are  to  be  seen  in  such  localities.  The  circulation  of 
tlie  blood  may  be  readily  viewed  in  many  small  fishe.*  ;  the  okkf 
mlcroscopists  employed  the  eel,  the  carp,  the  gudgeon,  and 
the  flounder,  for  the  piupose  of  exhibiting  it;  theae  wcw 
either  confined  in  the  fieh-pan,  or  placed  with  water  in  mra^ 
glass  tubes ;  but  the  fish  now  commonly  used  is  the  Stidde* 
back,  Gasterostens,  Flounders,  when  sufliciently  small,  form 
very  beautiful  objects,  but  are  much  more  rarely  met 
with  than  the  stickleback,  which  is  abundant  in  mo^gt  poodlB 
and  ditches.  Amongst  the  reptiles,  the  newt  and  frog,  and 
the  tiidiM>les  of  each,  are  generally  employed ;  in  the  former 
the  circulation  may  be  \^ewed  in  the  tail,  in  the  feet,  and  in 
the  branchiaj,  whilst  in  the  latter  the  web  of  the  foot,  the 
tongue,  and  the  branchia  and  tail  in  the  tadpole,  are  the  port^ 
which  exhibit  it  to  the  best  advantage.  In  tlie  mammalian 
class,  it  can  be  seen  in  the  w^ng  of  the  bat  and  ear  of  tlie 
mouse,  and  in  other  parts  not  too  opaque.  In  acme  of  the 
invertebrate  animals,  it  will  be  noticed  that  the  bloody 
although  itself  of  a  red  colour,  still  its  discs  or  corpuscles 
are  white,  the  colour,  unlike  that  in  the  vertebrate  serirs^ 
being  due  to  the  fluid  in  which  the  corpuscles  float,  and  not  to 
the  corpuscles  themselves. 
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Method  of  V^ietcinff  the  CircuiaHmi  in  tfti*  Vertthrata, — The 
tadjiolea  of  the  newt,   frog,   and   toad,  when   about  to   be 

exiLrniiicd,  must  be  pliiccd  either  in  Ji  large  iminialenle  cage, 
or  in  the  trough  des^cribed  iit  page  124,  \vh<n'e  they  may  t»e 
subjected,  if  necessary,  to  slight  preseiu-e.  The  larva  of  the 
newt*  when  about  an  inch  in  length,  with  the  bmux^hia^ 
external,  is,  perhaps,  one  of  the  most  wonderful  objectj^i  that 
can  be  seen  by  the  microscope;  the  large  blotid  eorpiusch^^ 
may  even  be  traced  as  far  as  the  extremities  of  the  toes,  but 
the  cii'culation  in  the  bninchiie  is  the  most  striking,  a^  there 
the  large  capillary  vesifiela  are  directly  under  the  influence  of 
the  heart's  action,  and  the  movement  of  the  corpuscles  18  not 
continuous  but  syncln^onous  with  that  of  the  pulsation  of  tlie 
ventricle.  In  large  newts,  the  circulation  can  only  be 
examined  in  the  tail ;  for  this  purpose,  it  will  be  necessai-y  to 
coniine  them  to  a  piece  of  gla^s  or  a  long  cell,  l>y  means  of  a 
bandage  of  tape ;  but  the  t^iil  being  vertical,  instead  of  hori- 
zontal, the  body  must  be  kept  finnly  fixed,  otherwise  the  tail 
cannot  well  he  secured.  Some  persons  place  the  animal  in  a 
glass  tube  with  water,  but  tndcss  there  is  some  coutrivance 
under  it  like  Mr.  Varlcy's  dark  chand/tTf  the  vessels  cannot  be 
seen  distinctly.  With  fish,  the  plan  the  author  has  found 
most  convenleut  is  exhibited  by  figs.  217  and  218  j  lu  fig.  217, 


F»g.2l7, 

a  b  represents  a  plate  of  glass  about  three  inches  long,  and  an 
inch-and-a-hatf  wide,  upon  which  is  cemented  a  glass  cell  r/, 
having  a  long  oval  cjivity  r  deep  enough  to  contain  an  ortHnary 
sized  stickleback ;  to  the  under  surface  of  the  bottom  plate  of 
glass,  at  the  comers,  are  cemented,  as  shown  by  fig,  218,  four 
strips  of  plate-glass,  about  a  ciuartcr-of-an-inch  wide,  in  tlie 
manner  shown  at  c ;  these  serve  to  raise  the  bottom  plate  in 
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such  a  manner  that  when  the  trough  is  hud  on  the  stage 
the  microscope,  the   bandage  d  will  not  interfere  wtth  its 
standing  perfectly  flat.     Tlie  bandage  should  be  from   eight 


17'' 


Fig.  218. 

inchoB  to  fi  foot  in  length,  and  half-an-mch  or  more  in  width  ; 
a  Bmall  piece  of  it  should  be  laid  in  the  Ijottom  of  the  tn»ufrh^ 
and  uiM>n  tliie  the  fish  is  to  be  placed  horizontally,  the  bandage! 
may  then  be  wound  round  the  cell  and  the  body  of  the  fish  to 
secure  it  I'rom  kicking  very  much,  but  not  so  tight  as  to  etop 
tlie  circulation,  taking  care  that  all  the  turns  are  withlti  llie 
recess  left  between  the  strips  of  glaas,  as  shown  by  d  in  fig.  218. 
Some  water  is  now  to  be  added,  so  as  nearly  to  fill  the  cell, 
and  the  tail  of  the  fish  is  to  be  spread  out  as  shown  atyin 
fig.  217,     In  order  to  prevent  the  tail  from  being  flapitod' 
up  against  the  object-glass,  a  thin   piece  of  bra^  or    otltef 
mctid  of  cither  of  the  shapes  repre&ented  by  ^  or  6  in  fig*  219,1 
is  to  be  placed  over  the  Ixxly  of  the  fiihp  J 
the  large  end  being    turned  townnigd 
the  headland  the  small  so  arranged  as  to  ^ 
cover  tlie  commencement  of  the  Iml, 
as  shown  in  fig.  2 1 7»  at  <^,  and  in  fig. 
218  at  e.     The  metal  may  be  8cctir«»cl^ 
Fig.  *219.  j^y  ^^^  bandage,  but  it  should  not  be 

eo  long  as  to  cover  the  entire  length  of  the  fish,  but  on!  * 
half-an4nch  of  the  aiudal  extremitv,  otherwise  tlie  mu\ 
of  the  body  cannot  be  entirely  controlled.  In  order  to  prevent 
any  of  tlie  water  from  being  splashed  out  of  the  cell,  and  alaa 
to  secure  the  object-glass  from  having  any  moisture  condensed 
upon  it^  tliat  part  of  the  cell  immediately  over  Uie  tail  may  be 
covered  with  a  piece  of  thin  glass,  which  will  answer  bolli 
purposes ;  tlie  cell  must  be  nearly  full  when  the  glass  ia  hid 
on,  otherwise  if  a  stratum  of  air  intervene  between  tJie  water 
and  the  thin  gla^^  correct  definition  cannot  be  ubtJiineiL 
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Circuhtion  of  Blood  in  the  Frog, — The  part  most  commonly 
aployed  for  thig  purpose  is  the  transparent  web  of  the  hind 
foot ;  and  in  oixler  to  secure  tlae  animal,  and  keep  its  web 
open,  viirions  contrivances  have  been  had  recourse  ta  Tho 
older  microscopists,  a^  seen  in  works  of  Baker  and  Adam^, 
were  in  the  habit  of  tying  the  frog  to  a  frame  of  brass  with 
some  fine  cord ;  but  in  the  present  day  tJie  entire  bo<ly  of  the 
animal,  with  the  exception  of  the  foot  to  be  examined,  is 
secured  in  a  linen  bag,  which  18  fastened  to  a' plate  of 
bra&dj  termed  the  frog-plate^  as  shown  at   a  a   in   fig,  220, 


-fe     jQ     yo 


^^ 


Fig.  220. 
and  fuUy  described  at  page  125;  this  is  so  contrived  as  to 
be  held  firmly  by  some  part  of  the  stage  of  the  micro- 
scope, and  to  be  moved  about  with  it.  *\Jthough  the  shape 
of  the  plate,  as  constructed  by  our  principal  instrument- 
makers,  may  vary  considerably,  the  mode  of  using  it,  never- 
thelei?^,  13  nearly  the  same  in  all,  A  linen  bag  should  be 
provided,  about  three  or  foiu*  inches  in  length,  and  two-and-a- 
half  inches  broad,  as  sliown  at  ^  ^  in  fig.  220,  having  a  piece  of 
tape  e  r  ^ewn  to  each  side  about  midway  between  the  mouth 
and  the  bottom,  and  the  mouth  itself  should  be  capable  of 
beii^;  closed  by  a  drawing  string  d  d.  Into  tins  bag  the  firog 
is  phiccil,  and  only  the  leg  in  which  the  circulation  is  about  to 
be  examined  kept  out  of  tho  mouth,  the  string  dd  is  then  to 
be  drawn  so  tight  around  the  small  part  of  the  leg,  as  to 
prevent  the  foot  from  being  pulled  into  the  bag,  but  not  to 
22 
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fltop  the  circulation ;  three  short  pieces  of  thread ///are  now 
to  be  passed  around  the  three  principal  toes,  and  the  bag  with 
the  frog  is  to  be  fastened  to  the  plate  aahy  means  of  the 
tapee  c  c  When  this  is  accomplished,  the  threads  ff/  are  to 
be  passed  either  through  some  of  the  holes  in  the  edge  of  the 
plate,  three  of  which  are  shown  by  ggg^m  order  to  keep  the 
web  open,  or  what  answers  better,  is  a  series  of  pegs  of  the 
shape  represented  by  /i,  each  having  a  slit  i  extending  more 
than  half  way  down  it ;  the  threads  are  wound  round  the^e 
two  or  three  times,  and  then  the  end  is  secured  by  putting  it 
into  the  slit  L  The  plate  is  now  ready  to  be  adapted  to  the 
Btage  of  the  microscope ;  the  squai'e  hole  over  which  the  foot 
is  placed  must  be  brought  over  the  hole  in  the  stage  through 
which  the  light  passes  to  the  object-glass,  so  Uiat  tlie  web  cam 
be  strongly  iUmninated  by  the  mirror.  The  magnifyii^ 
power  employed  should  be  from  fifty  to  a  hundred  diameters, 
or  the  one-inch  or  the  half-inch  object-glass.  If  the  individual 
corpuscles  of  the  blood  and  lymph  are  required  to  be  seen,  the 
quarter-of-an-inch  object-glass  should  be  used.  Tboee  wlu> 
are  not  in  possession  of  a  brass  frog-plate  may  employ  a  (neoe 
of  soft  wood,  or  a  layer  of  cork,  about  six  inches  long  and  two- 
and-a-half  wide,  for  the  purpose,  a  hole  about  an  inch  long  and 
three^quarters-of-an-inch  broad^  as  shown  at  b  in  fig.  221, 

being  cut  throogh  it  near 
to  one  eni  The  frog 
secured  in  the  bag,  and 
tied  to  the  cork  in  ibe 
same  way  as  to  the  brMB 
plate,  is  to  have  the  web 
brought  over  the  hole  b ; 
small  pins  ddd  may  tbezi 
be  passed  through  the  web 
into  the  cork  close  to  tlie 
toes  c cc  to  keep  it  open* 


Fig.  221, 


This  plan,  although  more  easily  managed  and  attended  with 
much  less  trouble  than  that  represented  by  fig.  220,  is,  nover- 
Lheleae,  generally  looked  upon  by  the  fair  eex  as  a  much 
more  cruel  act  than  where  the  threads  are  employed.     Some 
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[|>er80iis  adopt  the  plan  of  tying  the  bag  containing  the  frog 
\  to  tlio  platCi  in  the  manner  shown  by  fig.  220 ;  but  instead  of 
employing  either  strings  or  pins,  they  spread  out  the  web  of 
the  foot  upon  tlic  ghi^s  at  the  end  of  the  plate;  the  animal 
will  generally  keep  its  foot  steady  upon  iUb  after  a  few  tml8» 
espedaUy  if  the  glass  hag  been  previously  wetted.  A  frog  eo 
mounted  is  capable  of  ejdiibiting  many  of  the  effects  of  inOam- 
mation ;  ii\  for  instance,  a  epot  in  the  web  be  touched  with 
tlie  jjoint  of  a  needle,  or  a  small  drop  of  alcohol  orotlicr  stimu- 
lating fluid  be  placed  uix>n  it,  tlie  circulation  wiU  stop  in  that 
part  for  a  longer  or  shorter  period,  according  to  the  amount 
of  injury  inflicted,  the  ve^ela  in  the  neighbourhood  will  soon 
become  turgid,  and  even  somctimcB  be  entirely  clogged  up 
with  blood ;  if  no  further  stimulus  be  applied,  they  will  be 
seen  to  rid  themselvea  of  their  contents  as  easily  as  they 
became  full,  and,  after  a  time,  the  circulation  will  be  restored 
in  every  part*  For  tliose  who  are  unacquainted  with  the 
partd  wliich  may  be  observed  by  the  microscope  in  the  foot  of 
tlic  fi'og,  it  may  be  as  well  here  to  state  that  the  majority  of 
vessels  in  wluch  the  blood  is  seen  to  circulate  arc  veins  and 
c,ii>illaries,  the  former  may  be  known  by  their  large  size  and 
by  the  blood  mo\ing  in  them  from  the  free  edge  of  the  w^eb 
towarxls  the  leg,  also  by  their  increase  in  diameter  in  the 
direction  of  tlie  current ;  the  latter  are  much  smaller  than  the 
veins,  and  their  size  is  nearly  uniform,  the  blood  also  circu- 
lates in  them  more  quickly ;  the  arteries  are  known  by  their 
small  size,  and  by  the  great  rapidity  with  which  the  blood 
flows  in  them ;  they  are  far  less  mmierous  than  either  of  the 
other  vessels,  and,  generally  8j>eaking,  only  one  can  be  recog- 
nised in  the  field  of  view  at  a  time ;  in  consequence  of  their 
being  imbedded  deeper  in  the  tissues  of  tlie  web  than  the 
other  vessels,  the  circulation  cannot  be  so  well  defined  as  in 
the  latter.  The  black  ejjots  of  peculiar  shapes  that  occur  in 
all  parts  of  the  web  are  cells  of  pigment,  and  the  delicate 
hexagonal  nucleated  layer,  which,  with  a  {wwer  of  one  hun- 
dred diameters,  can  be  eeen  investing  the  upper  surface  of  the 
web,  is  tesselated  epithelium. 

Ahihad  of  Vtewing  tlie  CirtndaHon   in   the    Ttmffur   of  the 
22* 
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Froff, — The  organ  whiclu  on  account  of  the  compliczily  of  io 

fitructiire,  is  the  be^t  adapted  for  examining'  the  cncnhitMrf 
the  blocKl,  is  the  tongue  of  the  frog,  for  into  this  enter  aed^ 
all  the  fumtoniical  elements,  viz.,  arteries,   veinsk,  cip3lim 
muBcles,  nervee,  glands,  membranes,  &c.,  repreeeoiin^  m^ 
ohnost  every  kind  of  organization  in  a  email  compile    Hi 
foUowing  method  of  preparing  tins   oi^gao  for  ennirniti^ 
under  the  microscope^  without  endangerincr   the  life  of  4f 
animal,  and  which  can  be  repeated  a  great  numhcr  of  lioesii 
the  same  frog,  has  been  extracted  from  the  Lamdem  Pkfi^ 
hijival  Journal^  page  125,  being  a  modificatioii  of  that  reoeo- 
mended  by  Dr.  Waller : — **  A  piece  of  cork^   from  |wa  U» 
three  inches  in  breadth,  and  six  to  eight  inchea  in  length,  is  to 
be  procured,  in  winch  is  to  be  bored  a  hole  of  about  half-«n- 
inch  in  diameter  midway  between  the  aidc^ty  and  about  tn 
inch-and-a-half  to  two  inches  from  one  of  Its  ends,     la  lii* 
part  the  piece  of  cork  should  be  of  double  thickness,  whick  'n 
eflbcted  by  joining,  by  means  of  marine^Iue,  a  small  piece  U 
cork  upon  the  first  piece.      Upon  this  is  laid  the  fro^  |ire- 
vioufily  enveloped  in  a  linen  band,  or  fixed  to   the  cork  by 
pins  tliriust  through  the  four  extremities,  so  as  to  prevent  any 
great  movements  with  Its  body  or  with  its  feet ;  it  is  plaocii 
upon  the  back,  the  end  of  the  nose  abutting  on  the  bonier  of 
the  hole.       The  tongue,  the  free  end  of  which    is  directed 
backwards,  is  then  to  be  drawn  out  of  the  mouth  gently  wilh 
a  forceps,  and  i^lightly  stretched  and  elongated  until  it  reacbee 
a  little  beyond  the  opposite  edge  of  the  hole,  where  it  is  to  be 
fastened  by  two  pins,  tlie  sides  are  to  be  fastened  over  U»e 
hole  in  a  Bimilar  way.      In  this  state,  the  tongue  presents  the 
appearance  of  a  8emi-transparent  membrane,  which  permits  ui» 
to  see  through  its  substance ;  and  when  placed  between  die 
light  and  tlie  object-glass  of  the  microscope,  oflTers  one  of  the 
most  beautiful  and  marvellous  spectacles  which  can  po^ibly 
be  witnessed."      The  other  parts  of  the  frog  in  which  the 
circulation  c^an  be  viewed,  are  the  lungs  and  the  mesentery ; 
but  for  both  these  the  alxlominal  cavity  roust  be  opened.     In 
many  of  the  works  of  tbe  old  microscopists,  ee|Xicially  Adams 
and  Ledermuller,  aie  shown  various  contii>  anccs  for  exhibiting 
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the  eircuJrttion  in  the  mesentery ;  the  microscope  of  Lieber- 
kahn,  described  at  png:e  17,  was  contrived  for  this  purpose, 
l^nd  tor  such  wajs  employed  by  LedeniiuUcn  The  plan  now 
generally  adopted  is  to  dip  the  frog  into  water  at  tlie  tempe- 
rature of  120*^,  whereby  all  muscular  action  is  8topi>edt  but 
the  circulatioQ  etiU  continuea,  the  animal  can  then  be  very 
easily  managed ;  as  soon  as  the  body  m  oj)ened,  the  lungs, 
from  being  full  of  air,  will  protrude ;  one  of  these  is  to  be 
taken  and  bent  over  on  a  piece  of  glass  placed  on  the  stage  of 
the  microscope,  and  viewed  in  the  oitlinary  way,  tlie  magnificent 
sight  then  disclosed  will  balHe  all  powers  of  description.  If 
the  mesentery  be  required  for  the  same  purpose,  it  may,  like 
the  lung,  be  t^pread  upon  a  plate  of  glass,  and  be  examined  in 
a  similar  niamier. 

The  circulation  in  the  mammalia  is  to  be  seen,  but  not  so 
distinctly  us  in  the  reptilep,  the  parts  generally  selected  being 
the  wing  of  a  bat  and  a  thiu  ear  of  a  small  mouse ;  for  tliis 
purpose  the  bofiies  of  each  animal  nuist  be  firmly  secured,  and 
iu  the  case  of  the  fonner,  the  wing  may  be  held  down  by 
braces  of  canlboai'd ;  the  largest  vessels  will  be  found  in  the 
noighbourhotMl  of  tlic  l>oncs  of  tlie  wing,  from  which  they  may 
be  traced  into  the  more  transparent  parts.  The  car  of  [the 
mouse  is  more  difficult  to  manage ;  after  seeming  the  Ixxly, 
one  of  tJie  cars,  slightly  compressed  by  a  brace,  may  then  be 
examined;  the  circulation  will  be  most  clearly  seen  near  the 
edge,  but  at  the  best  of  times  the  management  of  this  active 
little  animal  will  be  found  very  tmublesome* 


CHAPTER  XVI, 

ON  THE  CIRCULATION  IN  PLANTS. 


"  As  long  ago  as  the  year  1774  it  was  known  to  botanists,'' 
says  Dr.  Lindlcy,*  **  that  a  certain  AI»bL»  Corti,  of  Lucca, 
had  published  some  remarkable  observations  upon  the  circu- 

*  Vegetable  KirigfJom,  piigc  28. 
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lation  of  fluid  in  eome  aquatic  plants  and  dial  the  wocuBtJ 
of  this  8tateiucnt  had  been  confirmed  by  TreTiFmiii  m  fi 
back  a£  tlie  year  1817;  neverthelesa,  the  fkct  does  not  MiS 
to  have  attracted  general  attention  until  the  pubEcatiaa  k 
Amiei,  the  celebrated  professor,  at  Modena,  of  a  memoir  in 
the  eighteenth  volume  of  the  Transaciians  of  Ae  Aibs 
Sociefy,  which  waa  succeeded  by  another  in  the  mneieailL' 
The  plant  employed  by  all  these  observers  appears  to  hfB 
been  a  epeeies  of  Chara,  of  which  genos  every  species^  wbeliicr 
opaque  or  transparent,  will  readily  exhibit  it ;  the  tnuupiifit 
kinJa  without  any  previous  preparation,  whilst  the  opiqtK* 
from  being  coated  with  carbonate  of  lime,  require  to  hsn 
this  removed*  Since  the  publication  of  Amici^B  papen^dv 
cinnilutiofi  of  the  sap  in  various  plants,  now  termed  by  botir 
niBia  Ct/chstjs,  has  occupied  the  attention  of  many  indiviifaili 
in  tliis  metropolis ;  amongst  the  moet  noted  may  be  mentioDed 
the  names  of  Mr.  E.  H.  Solly,  the  late  Mr,  Slacks  and  Mr. 
Varlcy;  to  the  latter  gentleman  we  are  alao  indebted  far 
many  viduable  discoveries  now  about  to  be  published  in  tic 
second  volume  of  the  Transactimis  of  the  3Iic7ros€€picaJ  Socirty, 
as  well  as  for  important  apparatus  for  viewing  the  circidatioDi 
all  of  which  wiU  here  demand  our  attention, 

Chara. — The  plant  which  Mr,  Varley  has  examined  so 
carefully  is  the  Cham  vnlijans,  an  aquatic  plant,  found  eHher 
in  stagnant,  salt,  or  fresh  water,  always  submerged,  and 
giving  out  a  most  disagreeable  fetid  odour ;  its  colour  ia  greeot 
the  stem  is  branched  and  surrounded  here  and  tlierc  witli 
whorls  of  smoUer  branches,  generally  nine  in  ntmaber;  a 
portion  of  a  stem,  with  its  whorls,  is  seen  of  the  natural  me 
in  fig.  222,  and  magnified  in  fig.  223;  from  the  centre  of  each 
whorl  a  smaller  branch  is  given  off;  wherever  this  takes  pkoe, 

&me  very  delicate  filaments,  called  roots,  are  found  to  groir 
firom  the  opposite  side.  The  main  tube,  as  shown  in  fig,  ^23, 
is  covered  throughout  its  entire  length  with  eighteen  smaller 
tubes,  and  is  coated  very  thickly  in  some  parts  with  carbotial9 
of  IJjne,  wliich  renders  the  stem  both  opaque  and  very  brittle. 

Belonging  to  the  same  family  as  the  Chara  is  a  genus  termed 
Nitella,  in  which  tliere  are  several  species  that  exhibit  tba 
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culation,  atBongst  them  may  he  named  the  N.  byalioa  and 
I  'f  the  9tem  of  these  plunts  eonaista  of  a  single  trauepa- 


rig,  222, 


Fig.  223. 


rent  glaasy  tube  of  a  delicate  green  colour,  with  traneversc 
joints.  In  these  the  circulation  can  be  viewed  without  any 
preparation,  but  in  the  Chara  \Talgai'i3  the  stem  will  often 
require  to  be  freed  from  its  carbonate  of  lime  before  any  trace 
of  it  will  be  visible.  A  portion  of  the  stem  of  Nitella  JlexiKs 
is  shown  of  iti*  natural  size  by  fig.  224;  when  this  is  compared 
with  the  Chara  vulgaris,  the  difference  is  manifest,  as  the 
joints  are  not  only  more  delicate,  but  there  is  no  outer  coating 
of  email  tubes,  and  the  incnistation  of  carbonate  of  lime  is  a 
rare  occurrence.  A  portion  of  the  upper  part  of  one  of  the 
sterna  liighly  magnified  is  represented  by  fig,  225 ;  in  this  the 
arrows  denote  the  direction  of  the  movement,  and  the  letters 
a  a  the  colourless  division  of  the  joints  which  separate  tlie 
ascending  and  descending  currents ;  the  circulation  may  even 
be  witnessed  in  the  whorl  of  young  leaves  at  the  top  ^,  and  in 
all  the  other  parts  indicated  by  the  arrows. 

Mvtlwd  of  Viewing  the  Circulation. — If  the  Chara  or  Nitella 
be  in  abundance,  a  new  piece  may  be  selected  each  time  for 
examination ;  but  if  it  be  scarce,  and  esjKicially  if  it  be  wished 
to   watch   its  development,  then  tlie  plan  adopted  by  Mr. 
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Varley  will  be  found  neceeaaty.       For    this   parpcM  i 
cylindrical  wide-mouthed  phiale  will  be  neccesaiy,  into 


'm.  I 


Fig.  224,  Fig,  225. 

one  a  small  branch  of  the  plant  must  be  put,  then  a  thin  sGp 
of  glass  is  to  be  laid  over  it,  and  kept  in  place  by  two  wedra 
of  cork,  in  the  manner  shown  in  fig.  226 ;  water  may  now  be 
added  to  fill  up  the  phial^  and  the  plant  b 
then  ready  to  be  examined.  In  order  to  do 
thi8,  ilie  phial  holder  pre^uously  described  mi 
page  127  will  be  necessary;  into  the  tube,  ad 
there  shown,  the  phial,  previously  well  corked, 
mu5t  be  plaeed  with  the  plant  opposite  the 
hole;  the  holder  is  now  to  be  fixed  to  the 
stage  of  the  microscope,  and  the  light  reflected 
tlirough  the  bottom  tube,  when  the  Cham 
may  be  viewed  in  the  same  manner  as  any 
other  object.  In  order  to  get  any  part  in 
particular  into  the  field  of  view,  the  phiiJ 
may  be  either  turned  round  or  slid  in  and 
out,  the  spring  in  the  dark  chamber  will 


Fig.  226. 
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iilways  keep  it  firmly  pressed  ao^nst 
tube  through  which  it  is  pa^eed.  This  mode  of  treating 
tlie  Chara  hoB  many  advantages,  not  only  is  it  always  ready 
at  hand,  but  tlie  growth  of  any  particular  part  can  be 
watched  from  day  to  day,  ae  the  smaU  epK'cImens  will 
frequently  keep  alive  for  many  months  when  not  exposed  to 
too  much  light,  and  the  water  changed  occasionally,  Mr, 
Varley  ha^^i  contrived  a  microBCOpe  for  the  express  puq}oee  of 
holding  tlie  phial ;  this  instrument  is  fully  described  in  the 
fitlticth  volume  of  the  Tramactiom  of  the  Societt/  of  Arts,  and 
will  be  found  exceedingly  useful  to  those  about  to  inveetigate 
this  very  interesting  subject. 

Soon  after  the  circidation  in  the  Chara  and  the  Kitella  had 
become  generally  known,  the  attention  of  mieroscopistB  whb 
directed  to  discover  the  same  phenomenon  in  other  plants ; 
amongst  the  first  that  yielded  to  a  careful  scrutiny  was  the 
Hydrocharis  morsus  r««<P,  or  Frop  bit^  an  aquatic  plant  very 
common  in  ditches  and  streamsi.  Mr«  Black  has  given  an 
excellent  accoimt  of  it  in  the  forty-ninth  volume  of  the 
Transactians  of  the  Soclrty  of  Arts,  from  wliich  figs.  227  and 
228  are  taken.     Fig,  227,  a  represents  a  jwrtion  of  the  plant 
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Fig*  228. 


of  the  natural  size;  surrounding  the  leaf-bude  b  are  very 
transparent  scales,  as  seen  at  c ;  in  these  tlie  circulation  may 
be  observed  by  placing  them  ujwn  a  glass  slide  with  watcT, 
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i  qniet  for  a  diort  tana  in  die  wfttcr^  il  wHI  laeovcr  Ha 
iralocitjr. 

jomted  bflzr  of  die  fihment  of  die  andier  of  dae  pbnt  wwm 
fint  dbcorered  by  Dr.  BobL  Brown,  in  1828,  and  bn 
dwt  dme  been  seen  ftod  deecribed  by  odier  botanssH^ 
amoi^  dwnn  Mi.  Sbde,  bom  wkoee  pi^er  die 
drawing  of  die  hair  repceeeaftad  bgr  %.  SS9  hae  been 
It  is  fflmpnafd  of  three  delictte  doagsled  cells»  as  ehown  at 
bed,  whi^  reit  i^on  a  broader  and  shorter  odl  n,  faaTin^  in 
die  present  cue,  a  lew  flattened  cdk  of  the  cadde  of  dia 
caln  attftcbcd  to  it*  In  ftU  the  ekngated  ceUe  a  Ac,  axeapl 
dj  the  circulation  can  be  eamij  eeen  with  a  power  finom  two 
hmidred  to  four  htindred  diameters ;  bat  uxdh  can  onlj  now 
and  then  be  diown.  Each  cell  haa  its  huge  nmdtug  and  ita 
aooompanying  small  globules,  as  in  die  other  plants^  aome- 
timea  even  many  currents  are  seen  in  the  same  odL 
"*  Throoghout  die  plant,''  says  Mr.  SUek,  <*the  cinrohuioo 
may  be  shown,  in  the  petal  even  when  entire,  and  in  all 
eeeticNis  made  of  the  stem  and  leaTos.*^ 

BaUt^amm. — Mr.  Slack  has  also  deecsnbed  die  circulation  in 
a  species  of  PefUtttmm  in  the  hairs  taken  from  the  throat  of 
the  eoroUa.  One  of  these  is  shown  by  fig.  230»  when  hig^il^ 
msgnAadt  it  is  one  oontinuous  cell  projecting  from  the  cnddek 
Id  Utts  hair  die  currents  more  in  rarioud  directions^  as 
by  the  arrows — some  pias  to  the  top,  whilst  others  do 
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extend  half  way  before  they  return,  and  very  often  two 
coirrents  unite  to  form  one.  Mr,  Slack  states  that  he  never 
observed  a  nucleus  in  any  of  these  hairs. 


fii^ii  ^'Vi 


Fig.  229. 


Fig.  ^30. 


GroumbeL — The  circulatioii  in  the  delicate  hairs  found 
upon  the  leaf  stilks  of  tlie  common  gi*ound^l  Setiecio  vulgaris 
wa8  first  discovered  by  Air.  Holland  with  hia  triplet  micro- 
scope in  1832.  The  movement  of  the  globules  is  the  same, 
but  much  more  delicate  than  in  tlie  Tradescantia,  the  nucleus 
also  being  present ;  a  mi^piifying  power  of  four  hundred 
cliameters,  at  least,  should  be  employed  to  examine  this  delicate 
object  \  it  may  be  seen  dry  or  in  water  between  glasses. 

VaUisneria  spiralis. — This  plant  is  a  native  of  various  parts 
of  the  world,  but  in  the  south  of  Europe,  the  East  Indies,  and 
America,  it  appears  to  grow  most  abundantly.  The  name 
^spiralis  wnB  giveu  to  it  by  Linnieus;  but  in  order  to  distin* 
guiah  it  from  an  Italian  plant  of  the  same  genus,  it  has  been 
termed  by  Sprengel  V,  Javquinimia.  Its  natural  habitat  is 
the  still  portions  of  rivers  and  lakes,  and  for  the  beautiful 
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contrivance^  dj^Iajed  in  the  vietiuanmn  Ibr  kmng  Sli 
flowers  above  the  water,  it  has  been  the  ^eme  of  the  piA 
eoDg.  When  growing.  Its  appeaninoe  is  not  at  all  imili^^i 
it  very  much  resembles  so  mucfa  gnies  in  tlie  waler,  Ae  b« 
thin  leaves  being  secured  to  the  mud  by  nmneraua  white  Im^ 
like  roots.  But  to  compensate  for  its  unintereetiiig  apponiMt 
the  phenomenon  of  the  circulation  di^oeed  by  the  tntfrffWp 
is,  without  doubty  the  grandeet  that  has  as  yet  been  wBesk  m  ^ 
whole  vegetable  kingdom-  If  one  of  the  le-avee  be  hiid  oo  i 
glass  slide^  and  a  sharp  knife  be  passed  along  it  with  ita  hvi 
slightly  elevated,  so  that  its  edge  may  catne  in  contact  »ill 
the  leaf,  a  thin  slice  may  be  cut  off;  thi^i,  when  plai^  itnier 
a  power  of  two  hundred  diameters,  will  exhibit  a  Dinnberrf 
oblong  cells,  more  or  less  full  of  green  granules;  tboCi 
generally  speaking,  will  be  found  to  be  in  continued  drcuktiat 
round  the  walls  of  each  celL  If  the  section  should  dncif 
consist  of  the  outer  part  or  cuticle  of  the  leaf^  the  oeDs  wiD  bi 
gmall,  and  the  green  globules,  termed  chlaroph^lle^  in  dn 
greatest  abundance,  but  rarely  circulating;  if  the  gMJw 
should  extend  through  the  middle  of  the  plant,  niunerouB  doih 
gated  colourless  cells  will  tlien  be  seen  with  green  paitidM 
only  present  on  the  margins,  and  these  in  active  circotatioa, 
and  accompanying  them  a  large,  more  or  lees  transpu^m, 
nucleus ;  the  movement  of  the  granules  ia  more  plainlv  seen 
than  in  tlie  Chara  and  NitcUa,  on  account  of  the  tran^parcon' 
of  the  ccUsj  and  also  by  reason  of  the  great  contrast  between 
the  colour  of  the  cell  wall  and  that  of  the  granulesL  lit 
circulation  also  wiU  be  frequently  found  to  vary  in  its  <lttQD- 
tion  in  two  cells  lying  side  by  side,  wluch  is  another  in^t^ffM 
pc»int  in  which  it  differs  from  all  the  tribe  either  of  Chan  or 
Nitella, 

Best  method  of  Viettinfi  the  Ciratlation* — For  this  pun* 
in  the  summer  months,  when  the  plant  is  in  its  most  vigor 
state,  any  one  of  the  leaves  may  be  taken,  and  after  ha^ 
been  cut  in  the  manner  previously  described,  and  laid  upoal 
slide  with  water,  and  covered  with  a  piece  of  thin  glm^ 
placed  in  an  aoimalcidc  cage,  the  chanoea  are  that  it  wiQ 
exliibit  the  circulation ;  if  not,  a  little  heat  applied  to  itt  either 
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by  lidding  some  warm  water^  or  by  pkieing  the  elide  for  a  few 
Beconds*  over  an  argand  lamp,  will  oflcn  start  it  oft*.  In  the 
wiutcr,  the  leaver  that  are  turned  a  little  yellow,  or  even  those 
whieh  appear  dead,  will  often  show  it  the  best :  these  ehould 
be  eiit  some  little  time  before  they  are  wanted,  and  be  placed 
ID  wanu  water  immediately;  or,  what  hai?  often  suceceded 
with  the  anthor,  is  to  place  them  in  a  email  bottle  with  water, 
and  carry  this  in  one  of  the  pockets  of  the  dress  in  which  tht?re 
is  the  greateat  amount  of  heat  Whenever  the  leaf  has  bi^cn 
cut,  the  circnlation  will  be  deadened  for  a  time;  but  heat 
applied  in  one  of  the  ways  above  directed,  will  generally  be 
the  means  of  restoring;  it  to  its  former  state  of  activity. 

Mrthwl  of  Cultivating  Cham,  VaUimrrin,  6cc* — Mr.  Varley, 
\^'Iio  has  had  great  experience  in  these  matters,  addressed,  in 
1840,  a  letter  to  the  editor  of  the  Microscopcal  Journal  on 
the  subject;  and  as  no  better  description  than  this  can  be 
given,  the  author  ha^  thought  proper  to  transcribe  it  nearly 
verbatim : — 

»'  In  cidtivating  these  plants,""  says  Mn  Vnrk%  **it  is  only 
requisite  to  take  notice  of  the  circumstances  under  which 
Chara  naturally  thrives^  and  to  imitate  them  ad  nearly  as 
practicable. 

**  Firstly,  The  Chara  tribe  is  most  abundant  in  still  waters 
or  ponds  that  never  become  quite  dry ;  if  found  in  running 
water,  it  is  mostly  met  with  out  of  the  euiTent,  in  holes  or 
side  bays,  w^here  the  stream  has  little  effect,  and  never  on  any 
prominence  exposed  to  the  currents  If  the  Chara  could  bear 
a  current,  its  fruit  would  mostly  be  carried  on  and  be  depositeil 
IB  holes ;  but  it  sends  out  from  its  various  joints  very  fine  long 
roots  into  the  water,  and  these  woidd  by  agitation  be  destroyed, 
and  then  the  plant  decays;  for  although  it  raay  grow  long 
before  roots  are  formed^  yet,  when  tliey  are  produced,  their 
debtniction  involves  the  deatli  of  the  plant.  In  order,  there- 
fore, to  preserve  Chara,  every  care  must  be  taken  to  imitate 
the  stillness  of  the  water,  by  never  shaking  or  suddenly  turn- 
ing the  vessel  It  is  also  imfmrtant  that  the  Chara  should  be 
disturbed  ad  little  as  possible,  and,  if  requidite,  it  must  be  done 
in  the  oiOAt  gentle  manner^  aa,  for  instance,  in  cutting  oflf  a 
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specimen,  or  caumng  it  to  deaoend  ia  order  to  keep  llw  mmmk 
of  the  plant  below  the  surfiice  of  tlie  water, 

**  Secondly.  Imitate  the  freahneas  of  the  water,  bj  Iotj 
an  extent  of  &uriace^  which  it  h  requisite  to  skim  frequ^jt 
or  suffer  it  to  overflow  hj  the  addition  of  more  water.  TinBt 
precautions  being  attended  to,  a  clear  bright  finHaoe  ii  htfL 
It  is  also  desirable  to  change  a  smidl  portion  of  tlie  water;  btf 
this  should  be  done  without  agitation.  Tbe  best  veeedk  tn 
cultivating  this  plant  in,  are  either  wide  p«iii%  Iwiltliiig  tb« 
or  four  gallons,  or  glass  jars  a  foot  or  more  h%h ;  mio  tlas 
the  Chara  may  be  placed,  either  with  clean  water  akme,  ir  & 
little  earth  may  be  sprinkled  over  it,  so  as  to  keep  it  at  tk 
bottom,  or  the  Ijottom  may  be  covered  one  indi  with  clo«l^ 
pressed  mould,  in  order  that  the  water  may  be  put  in  widttui 
disturbing  it  On  this  lay  the  Chara,  with  a  little  eartli  ( 
the  lower  ends,  to  fix  it  By  causing  the  water  to  of  c 
is  the  readiest  way  to  skim  the  soiftce,  though  dipping  i 
gently  will  do;  but  in  all  casea  of  pourizig  in  water^  bci8 
something,  such  as  a  saucer  or  flat  piece  of  wood,  to  mean 
the  pouring,  and  make  it  spread  instead  of  allowing  ii  to 
descend  at  once  on  the  surface.  Pans  in  the  open  air,  uearij 
full  of  water,  will  be  kept  in  order  by  the  wind  and  ratov  ^^ 
taking  care  to  supply  the  deficiency  (the  effect  of  eTapomtioajk 
and  to  change  some  of  the  water,  if  it  be  considered  neceastfr. 
The  vessels  kejjt  biHloors  have  a  film  which  is  always  fbcnuig 
on  the  water,  and  which  requires  to  be  frequently  removed. 

'*  Thirdly*  Imitate  the  equal  temperature  of  ita  native  boki^ 
by  sinking  the  pan  a  little  within  the  eartli;  but,  diilj]^ 
frosty  weather,  keep  the  pan  in-doora,  and  at  the  lower  part 
of  the  house^  as  this  situation  is  generally  the  most  umfem 
in  its  temperature. 

"  The  Cliara  will  live  in  any  tempemturo  abore  freezing,  aod 
grows  quicker  as  the  warmth  increaaes ;  but  above  tbe  eartii« 
as  outside  of  a  first-floor  window,  it  will  not  bejir  the  daily 
difference  between  the  midHlay  sun  and  the  cold  of  mash 
riang. 

**  The  gla^  jars  I  keep  witliin  the  house,  as  nearly  m^ffofm 
in  warmth  as  convenient. 
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*  Similar  care  is  requisite  for  Vallisneria,  hut  the  warmest 
and  most  equal  temperature  is  better  euited  to  this  plant.  It 
Rhould  be  planted  in  the  middle  of  the  jar  in  about  two  inches 
deep  of  mould,  wliieh  hat*  been  cloBely  pressed;  over  tliie, 
place  two  or  three  handaful  of  leaves^  then  gently  fiU  the  jar 
witli  water.  "Wlien  Uie  water  requires  to  he  changed,  a  small 
portion  is  sufficient  to  change  at  a  time.  It  appears  to  thrive 
in  proportion  to  tlic  trequency  of  the  changing  of  tlic  water, 
taking  care  that  the  water  addeil  rather  increases  the  tempe- 
rature than  lowers  it, 

**  The  natural  habitat  of  the  Frog-bit  is  on  the  surface  of 
ponik  and  tlitchea ;  in  the  autumn  its  seeds  fidl,  and  become 
biuicd  in  the  mud  at  tlie  bc»ttom  during  the  winter ;  in  the 
spring  these  plants  rise  to  the  surface,  produce  flowers,  and 
grow  to  their  full  size  during  summer.  In  order  to  keep 
them  for  microscopic  purj>oses>  large  pans,  with  earth  at  the 
bottom,  will  preserve  them  tlu'ough  the  winter;  and  if  left 
out  of  doors  during  the  cold  months,  the  pans  should  be  sunk 
into  the  ground  to  preserve  the  buds  from  the  extreme  cold," 

The  author  has  found  the  following  a  very  convenient  way 
of  changing  the  water  in  the  Chara  and  Vallisneria  jars,  viz., 
to  place  tljc  jar  occasionally  under  the  tap  of  a  water  tank,  and 
allow  a  very  gentle  stream  to  flow  into  it  for  several  hours ; 
by  this  means,  aU  the  impure  water  and  conferva  growing 
on  the  sides  of  the  vessel  may  be  got  rid  of. 

Habitat, — In  the  neighbourhootl  of  London,  tlie  Chara 
vulf/aris  may  be  found  abundantly  in  the  lale  of  Dogs,  in 
ditches  near  the  bank  of  the  Thames;  abo  in  some  of  the 
ponds  on  the  Hippodrome,  at  Notting-hilL  The  Nitclia  grows 
in  ponds  at  Totteridge  and  Hendon,  wliilst  the  Ht/drocharis 
occurs  in  abnost  every  ditch,  and  niay  be  known  by  its  flat 
leaf,  somewhat  like  that  of  a  lai^e  species  of  duckweed,  floating 
on  the  surface  of  the  water.  The  Tradacantia  and  Penttftanoii^ 
as  well  as  the  groundsel,  are  common  in  flower  ganlcns ;  but 
the  ValUmeria  is  principally  cultivated  by  the  microscopist ; 
small  roots  of  this  plant  may,  however,  be  obtained  of  ^Ir. 
Topping,  and  of  some  murserymem 


KETHODS  OF  PROCl  RING  INFUBORY  AKD  OTITER 
AJNiaiALCLLES. 

The  tann  [nftmma  was  given  by  the  older  microecopist^ 
beings   which,    previous    to   their   discovery    by    ruagniiyinj 
powersi  hud  been  concealed  from  observation  by  the  Qunutc 
ness  uf  their  size.     They  were  first  detected  in  water  oatitain< 
ing  vegetable  matter^  such  as  hay  and  gnies  in  a  etale  al 
decomposition ;  it  was  then  supposed  that  they  were  pecutiai^ 
to  ialusiou3  of  a  certain  kind,  hence  their  name.     The  cele- 
brated Elu^enbcrg,  who  haB  devoted  himself  so   entirely  td 
their  structure  and  ckissification,  has  divided  them  into  two 
ordera,  Poh/gastrla  and  Rotifer  a ;  the  first  being  named  from 
their  ha\dng  many  stomachs,  and  the  last  from  tlieir  being 
provided  with  vibratile  oi^ans  resembling  wheels.      Amongst 
the  most  remarkable  of  the  Polygastria  may  be  included  the 
fallowing  genem,  viz.,  Monas,  Gronium,  Volvox  Vibrio,  2CavicuK 
Stentor,  and  Vorticella;  whilst  amongst  the  latter  may  be 
named    the    Floscularia,     Stephanoceroe,    Bracliionus,     and 
Rotifer, 

Zoca/t^e*.— The  ordinary  forms  of  Infusoria  arc  to  be  met 
with  in  all  kinds  of  stagnant  and  putrid  water,  whilst  the  more 
highly  oi*ganized  are  only  to  be  found  in  clear  ponds  and  ia 
streams  where  they  attach  themselves  to  the  stems  and  under 
aides  of  the  leaves  of  aquatic  plants,  or  even  to  small  pioees 
of  wood  or  otlier  vegetable  matters  that  are  either  floating  or 
are  kept  beneath  the  surface  of  tlie  water.  Some  kinds  are 
found  near  the  surface,  others  in  the  mud  at  the  bottom,  all  of 
which  localities  should  be  ciu-efully  searched. 

ApjmratJLs.^FoT  the  purpose  of  collecting  these  interesting 
creatures,  the  following  simple  appamtus  will  be  required, 
viz.,  some  clear  wiJe-mouthed  phials  or  tubes  capable  of  being 
well  corked,  a  walking-stick  or  jointed  rod,  provided  witJi  a 
ring  at  the  end  for  holding  the  phials,  a  small  aquatic  net  of 
muslin  strained  upon  a  hoop  of  wire,  and  a  pocket  magnifier. 
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Fig,  231  rcpr€8ent«  tlie  various  infltrmnents  that  will  be  found 
peceMttry ;  at  a  two  joints  of  a  fishing-rod  of  cane  are  shown, 
the  top  joint,  for  convenience  of  packsige,  being  made  to 
c  d  slide  within  the  lower  one.      To  tl  e 

upper  end  h  is  ecrewed  a  steel  ring 
of  the  eliape  represented  hy  'A,  for  the 
pur[M>sie  of  holding  the  phiiJ  aa  seen 
at  e;  into  the  eaine  handle  may  be 
fitted  the  hoop  ff^  \m\ing  a  bag  of 
fine  mutilin  attached  to  it ;  this  may 
be  of  the  shape  there  ehown»  or 
brought  to  a  fine  point.  In  the 
absence  of  ihm  ap|>uratus,  a  stick,  as 
exhibited  at  t\  having  a  split  at  one 
end,,  nmy  be  employed ;  into  this  tlie 
neck  of  the  phial  J'  is  to  be  placed 
and  kept  firmly  fixed  by  winding  a 
string  round  it,  as  shown  aty,  Mr. 
G.  Shadbolt,  jun*,  who  lias  paid  some 
considerable  attention  to  these  nmt- 
ters,  lias  lately  recommended  to  the 
author  tlic  following  plan  of  securing 
the  pliial  to  tlie  stick,  which  will  be 
found  worthy  of  a  trial  Fig.  232,  A 
is  a  piece  of  brass  about  tlu'ee-eighths 
of  an  inch  square,  with  two  projecting 
pieoei  a  a,  through  one  of  whieh  a  screw  with  a  flat  head 
works.      One  end  of  the  brass  piece  c  is  made  cylindrical^^ 

about  half  an  inch  in  diame- 
ter, with  a  female  screw  d^ 
into  whieh  a  male  screw  on 
the  stick  is  made  to  work. 
Two  screw  holes  e  e  are  made 
in  one  side  of  the  brass  A, 
for  the  purpose  of  attaching 
permanently  to  it  by  screws 
the   spring   B,    having    two 


Fig.  2ai. 


Fig,  932. 


holes//,  made  in  it  for  the  purpose. 
23 


The  phial  being  phwecl 
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m  the  loop  g^  and  the  spring  being  drawn  close  bj  pulling  the 
end  h  between  the  cheeks  a  a^  the  flat^hcaded  ecrew^  is  turned, 

and  tlie  phial  will  be  firmly  held. 

The  spring  may  be  made  of  steel,  or  of  moderately  thin 
whalebone,  whieh  ean  be  used  in  preference,  as  it  will  not  spoil 
by  being  wetted,  and,  for  the  same  reason,  the  otlier  part  may 
be  made  of  brass. 

A  tin  box  /i.  Fig.  231,  containing  six  or  twelve  short  glass 
tubes,  provided  either  with  plain  corks,  or  with  corks  tlirougli 
which  a  piece  of  glass  tube  or  quill  has  been  passed  in  the 
manner  mliown  at  r,  will  be  found  very  convenient  for  all  the 
smaller  kinds  of  infusoria. 

The  fislung  tubee  have  already  been  described  at  page  118; 
these  will  be  uecful  for  sepai^ating  the  large  voracious  g^Tiimalg 
from  the  more  delicate  ones. 

The  pocket  magnifier  may  be  of  either  of  the  forms  shown 
by  figs.  23  and  24,  or  the  Coddington  lens,  represented  by 
fig*  26,  when  the  infusoria  are  very  minute.  Dr,  Arthur 
Farre  l»as  lately  shown  the  author  a  convenient  form  of 
lens,  which  he  finds  very  usefiil  for  most  of  the  marine  Polypes ; 
this  consists  of  two  double-convex  lenses  of  different  focal 
lengths,  placed  in  a  setting  with  an  ebony  stop  between  them^ 
somewliftt  in  shape  like  an  hour-glass.  This  lens  performs 
like  a  doublet  or  Coddington ;  and,  although  of  long  focufi^ 
nevertheless,  magnifies  considerably, 

Mrthmi  of  Obtuhung  Infusoria.— In  order  to  be  suooeaefiil 
in  the  captiu-c  of  these  minute  creatures,  a  knowledge  of  their 
habits  must  be  first  acquired,  and  upon  this  matter,  as  well  as 
upon  the  mcthiM.l  of  cultivating  Chara,  Vallisncria,  &a, 
tlie  author  is  indebted  to  Mr.  Varley  for  many  valuable 
instructions. 

"  The  tendency  of  all  infusoria,"  says  Mr.  Varley,*  «*  is 
towards  the  light,  and  also  to  the  surface;  a  filmy  sur&ce 
Tvill  hold  many.  On  arriving  at  a  pond,  it  will  be  noticed  that 
the  *  off  side,'  or  that  towainls  which  the  wind  is  blowing,  will 
be  coated  with  scum,  w^hilst  the  *  near  side'  will  be  bright ; 
these  sides  will  differ  materially  in  the  quantity  of  animalcules 
*  In  a  letter  to  the  author. 
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tli€y  may  contaiiij  the  bright  side  being  often  without  any ; 
if  tlie  wind  blows  towards  the  sunny  side,  that  side  will  be 
especially  prolific.  Shallow  parts  being  warmer  than  deep, 
will  also  yield  a  more  abundant  supply/* 

**  Tlie  1^  with  the  phial  attaehcd,  as  shown  in  fig,  231»  is  to 
be  carried  into  the  water  in  sueh  a  manner  that  tlie  phial  may 
be  kept  in  an  inverted  position,  and  when  arrived  at  the 
proper  depth,  tlie  rod  is  to  be  turned,  and  the  mouth  of  the 
phial  will  then  be  in  the  position  to  receive  the  water,  which 
will  run  in  rapidly,  and  carry  both  animalcules  and  weeds  in 
witli  it.  The  contents  of  the  phial  may  be  then  either 
viewed  with  a  pocket  lens,  or  poured  into  another  phial 
and  then  examined ;  if  any  animalcules  be  present,  and  worth 
keeping,  they  may  be  corked  up  for  further  insjMietion.  Dips 
should  be  made  both  among  contervje  and  duck-weed,  and 
portions  of  the  weed  allowed  to  enter  the  pliia! ;  a  dip  also 
among  nishes  is  firequuntly  very  rich*,  the  phial  should  be 
shaken  about  as  it  is  being  turned  up  to  receive  the  water. 
If  the  phial  be  a  very  wide-mouthed  one,  a  sudden  dip 
amongst  large  weeds  will  atibnl  ver}^  many  kinds;  these,  after 
examination,  may  he  placed  in  gimaller  phials,  and  corked  up 
for  further  inspection  at  home.  If  any  lar\^a?,  or  other  vora- 
cious kinds  are  present,  tliey  should  be  removed  with  one  of 
tlie  fisliing  tubes,  otherwise  they  will  destroy  nearly  aU  that 
come  in  their  way  before  the  collector  reaches  home.  For  aU 
the  larger  kiuds,  such  as  the  Monoculus  and  Cyclops,  the  net 
shown  at  dm  fig.  231  will  be  required;  If  this  be  dipped  very 
suddenly  under  wee<ls,  and  be  as  suddenly  lifted  up,  they  will 
be  caught ;  by  hokling  the  bottom  of  the  net  in  the  water 
and  the  ring  out,  all  weeds  that  are  in  the  way  may  be 
removed,  and  the  produce  then  poured  into  a  phial  with  a 
email  quantity  of  water,  and  the  voracious  ones  taken  out 
by  the  fisliing  tubes  in  the  manner  before  described-  K  the 
Water-fleas  and  Daphnia;  be  very  abundant,  they  may  be  got 
rid  of  in  the  following  manner: — as  s<x>n  as  they  are  placetl  in 
the  phial,  they  go  very  quickly  to  the  bottom;  if,  thcreinre, 
the  upper  water  be  poured  into  another  phial,  tlie  bc»ttofn 
containing  them  may  be  thrown  aw*ay ;  if,  also,  the  phial  be 
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ehaken  about  in  the  water  before  it  be  turned  orertobefilM, 
they  will  generaUy  have  darted  awaj.      Small  newta,   and 
many  larvai*,  ahould  be  taken  great  eare  of,  the  form^'  eape- 
cially>  as,  when  young,  their  branchiie  are  present ;  in  theee 
and  in  their  feet,  the  circulation  of  the  blood  is  most  beautifiiDj 
seen ;  they  will  also  be  found  of  essential  eenice  for  eating  op 
the  Daphnias,  Monoculi,  and  the  various  larvae  that  de«lniy 
the  diill  rent  kinds  of  vorticcllse.     The  inverted  phial   dbottU 
be  cairlcd  to  tlie  bottcini  of  shallow  ponds,  and,  whilst  laid 
horizontally,  the  surface  of  the  mud  sliouM  be  scraped,  the 
phialt  when  quite  fidl,  may  be  corked  to  prevent  shaking;  at 
home  tlie  mud  may  be  put  into  a  large  jar,  and  filled  up  with 
wiitt  r,  in  a  day  or  two  the  animalcules  will  have  eome  to  the 
surCtu^e  of  the  subsided  mud,  from  which  they  may  be  taken 
away  quite  clean  by  means  of  a  fishing  tube.     When  water 
has  quite  left  a  pond,  a  box  or  phial  full  of  the  siir6M?e  mud 
should  be  taken  home  and  treated  in  the  same  way  ad  the 
Ttiore  liquid  kind  above  des*"ribcd.     In  order  to  preserve  the 
infusoria  and  other  large  animalcules  at  home,  the  conditiODS 
under  which  they  have  been  foimd  should,  in  all  cases,  be 
clrjs*cly  imitated.     Such  plants  as  will  live  in  water  without 
much    mould,  and  not  s[jecdily  decay,   should    be    selected; 
tliusc  will  all  tend  to  keep  the  water  healthy  for  the  animal* 
culi"8,  und  nUii  serve  as  food  for  them;  the  plan   adopted   for 
preserving    the    plants  should  be  the  same   ais  that  already 
alluded  to  in  page  349,  the  larvie  of  the  Ephemera  and  enmU 
snails  l»cJng  employed  to  free  them  from  confer%'a  which  will 
be  found  to  interfere  with  the  growth  of  most  aquatic  plants.'' 
Mrthml  of  OMamhiff  and  of  Kt^ephip  Hydras, — One  of  the 
most  extraordinary  arpiatic  animals   that   the  microseopist  is 
likely  to  procure  in  his  searchings  in  pools  and  ditches,  is  that 
known  as  the  Hydra,  or  fresh-water  Polype ;  it  appears  to 
have  been  first  noticed  by  Leeuwenhoek,  in  1703,  but  it  was 
reserved    for   the    inquiring  genius   of  M    Trembley,    then 
residing  at  the   Htigue,  in  1739,  to  discover  its  wonderful 
powers  of  reproduction.     In  Englund  there  are  aa  many  as 
four  or  five  varieties;   one  of  them  is  of  a  delicate   green 
i'.oionr.  whilst  the  others  are  more  or  less  yellow  or  brown; 
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each  one,  when  in  an  expanded  state,  eonsietd  o(  a  long  senii- 
transparent  tubular  IkkIv,  from  one  end  of  which  protrude 
severd!  long  delicate  arms  or  tentacula,  varying  in  number 
in  the  difterent  species,  six  or  twelve  generally  being  the  two 
extremes,  Withtu  these  anns  b  a  mouth  capable  ol*  being 
dilated,  so  aa  to  receive  animala  nearly  as  large  as  the  size 
of  the  Polype  it^eUl  lu  the  eontraeted  state,  the  animal 
appears  like  a  snmll  round  I>all,  the  arms  being  drawn  in  wo 
far  that  they  only  resemble  small  psipilhe-  SL  Trembley 
thought  tht*y  w^ere  very  analogous  to  vegetabh*^,  and,  to  ssiti^fy 
hiuit^elf  upon  this  point,  he  cut  several  of  them  in  pieces, 
and,  to  Ilia  great  astonishment,  found  that  each  cut  portion 
became  a  perfect  animiU.  Some  of  tlie^se  Poly[>es  baviug  been 
sent  to  England,  the  ex|jeriments  of  ^L  Trembley  were  tried 
with  entire  success  by  many  of  the  learned,  but  more  e9i>cciaUy 
by  Mr.  Henry  Baker,  who  published  a  book  on  the  subject, 
ill  1743,  wliich  will  well  repay  an  attentive  perusaL  The 
Hydne  are  generally  fouml  in  i>onda  and  rividets,  adliering 
either  to  portions  of  wceil  or  sticks ;  they  may  be  readily  seen 
by  the  naked  eye  when  pltu^ed  in  a  clear  glass  jar.  In  order 
to  take  them  home  safely,  they  should  be  put  into  clean  phials, 
with  a  small  portion  of  some  aquatic  plant,  and  the  phial  filled 
with  water;  it  should  he  care  fid  I  y  corked,  both  to  prevent 
the  water  fi-om  being  spilt  and  the  Ilydi-a*  from  being  injiu-ed- 
At  home  they  nhouhi  be  kept  in  tolerably  large  glass  jars,  in 
clear  river  water,  with  a  small  plant  growing  in  it;  being  very 
voracious,  they  will  require  to  be  often  fed ;  the  best  animals 
to  give  them  are  the  email  red-blooded  worms  (Naiidee)  that 
are  so  conunon  on  the  banks  of  the  Thames,  to  the  mud  of 
which  they  impart  a  red  colour ;  these  should  be  well  washed 
in  clean  water  before  the  Polypes  arc  fed  with  them,  and 
the  Polypes  themselves  placc<I  in  pure  w^ater  after  ever)* 
meal ;  the  common  wattT-fleas,  in  the  absence  of  Naiides^ 
will  also  tcrve  them  as  wholesome  food.  The  mi»de  of  gene- 
ration of  Poly  1^8  is  by  <jetnmtition  or  budiling,  antl  takes  jJaco 
very  rapidly,  a^  many  as  fom*  or  five  young  ones  in  a  week 
having  been  known  to  be  produced ;  as  soon  as  a  young  one 
is  jirovided  with  arms,  it  will  devour  the  wonns  with  as  much 
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eagerness  aa  the  older  ones,  WTien  placed  in  great  nitmben 
in  one  pliial,  they  do  not  thrive  so  well  as  when  they  are  in 
email  quantities,  hence  they  should  be  occasionally  xnored 
from  one  jar  to  another ;  thM  may  be  readily  nmnag^  by  the 
end  of  a  quill,  or  a  fine  camelVhair  penciL  They  are  best 
examined  either  in  one  of  the  troughs  shown  by  figau  82-3>  or 
in  a  large  animalcule  cage  ;  and  can  be  easily  divided  by  a  p«ir 
of  sharp-pointed  scissors,  like  those  exhibited  at  B  in  fi^.  207. 
Those  who  would  wish  to  know  the  residts  of  the  rarions 
ope  rati  ong,  should  consult  the  excellent  works  of  M.  Tnenibley 
and  Mr.  Baker,  which  will  give  them  ftdl  particulam.* 

Defrmidit'tB, — Another  moet  interesting  clafiB  of  objects  for 
the  microscope,  but  now  generally  considered  b»  belonging  to 
the  vegetable  kingdom,  are  the  Desmidiese,  a  tribe  of  lowly 
organized  plants,  remarkable  for  the  elegance  of  tlieir  fonn 
and  for  being  found  exclusively  in  fresh  water.  They  have 
lately  been  classified  and  arranged  by  Mr.  Balfs  in  an  admi- 
rable work  on  the  subject,  wliich  ahould  be  in  the  possession  of 
every  niicro^copiBt  As  the  mode  of  collecting  them  differs 
somewhat  from  that  of  the  Infusoria,  the  author  has  thought 
proper  to  borrow  Mr.  Ilalls'  deecription  :^ 

"  Aa  the  Desmidiete  are  imattacbed  and  very  minnte^  they 
are  rarely  gathered  in  streams;  nevertheless,  interesting 
species  may  occasionally  be  obtained  where  the  current  is  00 
sluggish  as  to  [K^rmit  the  thin  retaining  mucus  to  elude  its 
force.  In  small  ehallow  pools,  that  do  not  dry  up  in  summer, 
they  are  most  abimdant ;  hence  pools  in  boggy  places  are 
generally  productive.  The  Desmidiea^  prefer  an  open  country. 
They  abound  on  moors  and  in  exposed  places,  but  are  rarely 
found  in  shady  woods  or  in  deep  ditches.  To  search  for  them 
in  turbid  waters  is  useless:  such  situations  arc  the  haunts  of 
animals,  not  the  habitats  of  the  Desmidiese,  and  the  waters  in 
which  the  latter  are  present  are  always  clear  to  the  very 
bottom.      In  the  water,  the  filamentous  species  resemble  the 

*  Mtmmres  j>oitr  servir  d.  Vllisioire  (tun  Genre  tk  Polt/pes  cTEuu  d4fuc€, 
Piir  A.  Trembloy,  do  k  Socictfe  Royale.  A  Leiik,  1744.  An  Attempt 
(oimrdM  ihr   NutuvQl  History  of  the  Poiype.      By  Henry  Baker,  F.K.8. 

London,  1743. 
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Zygnenmta,  but  tlieir  green  colour  is  generally  paler  and  more 
opaque.  They  often  occur  in  considerable  quantity,  and,  not- 
witliptanding  tlicir  fragility,  can  genenilly  be  removeil  V>y  the 
hand  in  the  naual  niannen  When  they  are  much  diffused  in  the 
water,  I  take  a  piece  of  linen,  about  the  size  of  a  pocket-hand- 
kerchief,  lay  it  on  the  ground  in  the  form  of  a  bag,  and  then, 
by  the  aid  of  a  tin  box,  scoop  up  tlie  water  and  strain  it  through 
the  bag,  repeating  the  process  as  often  as  may  be  required. 
The  larger  sjieeies  of  Eua^truni,  Micrasteriafl,  Closteriuni, 
&c,  are  generally  situated  at  the  bottom  of  the  pool,  either 
spread  out  as  a  thin  gelatinous  stratum,  or  collected  into 
finger-like  tufta.  If  the  finger  be  gently  pnased  beneath 
them,  they  wiU  rise  to  the  surface  in  little  moesea,  and  with 
care  may  be  removed  and  strained  through  the  linen,  leaving 
only  a  mere  stain  or  a  little  dirt ;  but  l>y  repeated  fillingB  up 
and  strainings,  a  considerable  quantity  will  be  obtained.  If 
not  very  gelatinous,  tlie  water  jiasses  freely  through  the  linen^ 
from  which  the  specimen  can  be  craped  with  a  knife,  and 
tranjsferrcd  to  a  smaller  piece ;  but  in  many  species  the  fluid 
at  length  does  not  admit  of  being  etmined  off  without  the 
emijloyment  of  such  force  as  would  cause  the  fronds  a\^  to 
pass  through,  and  in  this  case  it  should  be  |)oured  into  bottles 
until  tliey  are  quite  full.  But  many  si>ecies  of  Staura^trum, 
Pedia^trum,  &c.,  usually  form  a  greenish  or  dirty  cloud  upon 
the  stems  and  leaves  of  the  filiform  aquatic  pknts,  and  to 
collect  tliem  requires  more  care  than  is  necessary  in  the  former 
instancee.  In  this  state,  the  slightest  touch  will  break  up  the 
whole  mass,  and  dieperae  it  through  the  water.  I  would 
recommend  the  following  method  as  the  be^t  adapted  for 
securing  them.  Let  tlie  hand  be  passed  very  gently  into  the 
water  and  beneath  the  cloud,  the  palm  upwards  and  the 
fingers  apart,  so  that  the  leaves  or  stem  of  the  invested  plant 
may  He  between  them  and  as  near  the  palm  as  possible ;  then 
close  the  fingers,  and  keeping  tlie  band  in  the  same  i>oi!fition# 
but  concave,  draw  it  cautlouidy  towards  the  surface,  when,  if 
the  plant  has  been  allowed  to  slip  easily  and  with  an  equable 
movement  through  the  fingers,  the  Desmidiea*,  in  this  way 
brushed  off,  will  be  found  l>^ng  in  the  palm.      The  greatest 
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difficulty  18  in  withdrawing  the  hand  from  the  surface  of  tlie 
water,  and  probably  but  little  will  be  retained  at  first ;  practic 
however,*  will  soon  render  the  operation  easy  and  gacceesfiil 
The  contents  of  the  hand  should  be  transferred  at  once  either 
to  a  bottle,  or,  in  ease  much  water  baa  been  taken  up,  into  tlie 
box,  wliich  must  be  cloi*e  at  band^  and  when  t\m  is  full,  it  cjin 
be  emptied  on  the  linen  as  before.  But  in  this  case  the  linen 
ebould  be  presided  gently,  and  a  portion  only  of  tbe  wa 
expelled,  the  remainder  being  poured  into  the  bottle,  and 
process  repeated  as  often  aa  neceBsary.  Sporangia  are  collected 
more  frequently  by  the  la^it  than  the  preceding  methodg. 
When  carried  home»  the  bottles  will  apparently  contain  only 
fold  water;  but  if  it  remain  undisturbed  for  a  few  hours,  the 
Desmidiea'  wiE  sink  to  tlie  bottom,  and  most  of  the  water 
may  then  be  poiux'd  off.  If  a  little  fresh  water  he  added 
occasionally  to  replace  what  has  been  dmwn  oft',  and  the  bottle 
be  exposed  to  the  light  of  the  sun,  the  Desmidicas  wiU  remain 
umdtered  for  a  long  time.  I  have  now  before  me  some  speci- 
mens of  £Jiiasirum  insif/Ne,  the  fronds  of  wiiich  are  in  as  good 
condition  as  when  I  gathered  them  at  DolgeUy  five  months 
flga 

Localities  far  Infusoria, — All  the  smaller  kinds  are  found  in 
vegetable  infusions,  or  in  fluids  where  either  vegetable  or 
anin^al  matter  is  decomposing,  but  tlie  larger  kinds  are  onlyJ 
to  be  met  with  in  clear  pools  and  streams,  where  they  ar 
either  found  swimming  about,  or  elae  congregated  around,  or 
attached  to  the  imder  surfaces  of  the  leaves  or  to  the  stems  of 
aquatic  plants  All  the  ordinary  cHtches  and  ponds  in  the 
neighbourhood  of  the  metropobs  will  yield  the  more  common 
foniis,  but  there  are  certain  localities  in  which  some  of  the 
more  highly  organized  can  only  be  collected.  A  pond  near 
**  Jack  Straw's  Castle,"  on  Hampstcad  Heath,  is  very  famous 
for  the  Volvox  globator,  the  arborescent  Vorticella,  and  for 
many  species  of  Kotiter.  According  to  Dr.  Man  tell,*  in  a 
lake  behind  Grm^e  lionse^  on  Clapbam  Common^  in  which  the 
wliite  water-lily  grows,  the  splendid  Stephanoceros,  or  crowned 

*   ThonghU  on  Animalcules^  by  G.  A,  Mant<:ll,  Edq.,  L.L.D,,  Loiitlon, 
184G,  page  63* 
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tiniinalcule,  web  faund  by  Mr,  1  lamliu  Lee ;  it  lias  since  been 
met  with  in  other  i>ond&,  but  motjt  abundantly  in  that  called 
the  Bluck  Sra^  on  ^\'andi?!Wortli   C'ooimon,  near  the  railway 
statian.     A  small  pond  in  the  garden  of  ilr*  B.  Edwards,  in 
Shorediteh,  has  been  long  noted  as  having  supplied  micro- 
ecopists,  at  one  time  or  other,  with  idmost  every  variety  of 
the  more  highly  organized  Infusoria.     A  lai^e  cistern,  on  the 
premises  of  Mn  Rolling,  near  South wark-bridge,  hiis  aflbrded 
a  great  variety  of  interesting  forms,  and  amongst  thera  two 
kinds  of  fresh  water  Ztx*phytes,  \^z.,  Fredericella  and  Cordy- 
loplionu     The  Alcyonella,  and  several  8i>ceie8  of  fresh  water 
sponge,  are  to  be  met  with  in  the  Commercial  Docks,     The 
Stentor  ca^ruleus  has  been  found  al>undantly  by  the  author  in 
ditches  which  commumcate  with  a  small  stream  in  the  Isle  of 
Dog8»  close  to  tlie  timber  dock  that  opens   into  the  West 
India  South  Poek.     The  Dai»hnia>  are  very  abundant  in  the 
summer  months  in  the  dtK-k  waters,  to  the  surface  of  which,  in 
the  evening,  they  communicate  a  red  colour,  known  to  the 
common  people  a^  spawn.     The  Branehipus  stignalis,  a  highly 
interesting  crustacciin,  is  found  in  smidl  pools  of  soft  water  on 
IMackheath :  care  must  be  taken  in  managing  it,  us  it  rarely 
lives  more  than  a  day  or  two.      In  the  nmd  of  many  ponds 
miiy  be    obtained  wry    interesting    forms   of  Navicula   and 
Diatoraca;  in  the  mud  of  tlie  Thames,  at  various  localitiesy 
such  as  Lambeth,  Woolwich,  Tilbury,  and  Grcenhithe,  have 
been  discovered  Xantbidia,  and  a  very  beautifid  genus  tenned 
Triceratium.     In  the  mud  of  the  Humber,  near  Hull,  have 
been  found  two  beautiful  species  of  Navicula,  tenned  hippo- 
campus and  angnlata,  the  former  Iveing  an  excellent  test  of 
a  fiuarter-of-an-inch  object-glass,  tlie  latter  of  an   eighth  or 
twelfth;  both  these  will  l>e  shown  highly  magnified  ynih  the 
other  test  objects  at  the  end  of  the  work.     In  the  white  jx^arly 
matter  often  seen  in  i>eat  bogs,  and  in  the  ncighbourhocKl  of 
sw  ampy  pools,  will  be  found  an  abundance  of  lories  or  shells 
of  Infusoria ;  the  most  favourite  localities  being  the  bogs  of 
Ireland,  Scotland,  and  Yorkshire.      The  sea  shore  and  marine 
pknts  yield  a  variety  of  beautiful  forms ;    the  guano»  from 
different  parts  of  the  world  (as  will  be  again  notice<]),  the 
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etomaclis  of  ojrstere,  scallops,  and  other  MoUuaca,  all  abound  in 
some  of  the  most  elegant  s^iecies  of  a  genus  named  Coscino- 
cliscus,  these  being  often  associated  witli  others  in  a  foet^ilized 
state* 

77ie  Tjyealih/  of  tfw  Jflieel  Animalcule* — iVIicroscopiBts,  from 
the  time  of  Baker,  have  nearly  all  eta  ted  that  the  wheel 
auimalcnle  la  to  be  found  in  a  reddish  kind  of  slime  deposited 
from  water  that  hiis  been  standing  in  leaden  gTitters,  or  even 
in  the  dust  that  remains  after  all  the  water  has  been  dried  up; 
which,  when  again  moistened,  will  seldom  fail  to  ejdiibit  them* 
Capt.  Ford,  after  having  sought  in  vain  to  procure  them  from 
the  localities  above  described,  tried  sevend  other  plans  for  the 
purpose;  but  the  following  he  recommends  as  the  best:* — 
"  Early  in  the  spring  he  fills  a  three-gallon  jug  with  pure 
rain-water  {not  butt-water,  because  it  contains  the  larvae  of 
gnats),   from  this  he  takes   a   sufficient  quantity,  nearly   to 
fill  a  half-pint  jug;  he  tlien  ties  up  a  small  portion  oi'  hay 
or  green  sage  leaves  into  a  bundle,  and   places   the    same 
in   the    mug;    about    eveiy    ten    dfiys  he   removes   all    the 
decayed  portions   with  a  piece   of  wire,   and  substitutes   a 
fn:\^h  supply;  a  little  of  the  deposit  scraped  from  the  side 
of  the  mug  near  the  surface,  when  placed  under  tlie  micro- 
ecope,  will  be  certain  to  exhibit  them.     As  the  water  evapo- 
rates from  the  mug,  the  excess  of  rain-water  in  the  large  vessel 
will   supply  the   deficiency.      The  sage   leaves   were  found 
to  produce  the  largest  numbera     The  same  mug,"  Capt,  Ford 
also  states,  *'  for  the  seven  years  preceding  the  date  of  his  note 
(in  1841),  had  never  failed  to  yield  an  abimdanee."     If  the 
animalcules   be    kept   in   glass   bottles,  they  should   not  be 
exposed  to  a  direct  light ;  in  a  room  they  may  be  placed  in  a 
dark  corner,  or  upon  a  table  between  two  windows,  so  long  as 
the  light  that  is  allowed  to  fall  on  them  is  diffused ;  they  will 
then  tlirive  very  rapidly. 

Method  of  Feedhiff  lufumria  with    Carmine, — In  order  to 

display  the  currents  made  by  the  cilia  of  these  minute  animals, 

as  well  as  to  exhibit  the  form  of  the  digestive  system,  a  certain 

amount  of  colouring  matter  introduced  into  the  water  con- 

*  Microscopical  Jowmtl^  voL  i.,  p.  JWJ, 
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taiiiing  them  will  render  both  more  evident  This  plan  was 
first  employed  hy  M,  Trembley,  without  any  important 
result ;  but  Elu'enberg  followed  it  up  more  carefully,  and  wa0 
let!  to  the  discovery  of  the  intemiil  Btructui*e  of  thoee  infusoria 
which  he  subsequently  terme<l  Polvga^truu 

The  method  of  proceeding  is  to  rub  some  pure  sap  green, 
indigo  or  earniioe  u|K)n  a  palette  or  a  plate  of  glass,  and  to  add 
to  tliis  a  few  drops  of  wat^er ;  if  the  glass  be  no%v  held  on  one 
«ide,  a  portion  of  the  water  containing  a  certain  amount  of  the 
colouring  matter  may  be  dropped  upon  tJie  tablet  of  an 
animidcule  cage,  or  into  tlie  water  in  which  the  animalcules 
are  contained ;  if  they  be  vorticellas  or  rotifene,  the  particles  of 
colouring  matter  will  show  the  vibnitile  actions  of  the  cilia, 
whilst  other  particles,  when  swallowed  by  tlie  animalcules, 
will  give  a  rich  tint  to  the  various  compartments  of  their 
alimentary  canaL  If  the  animalcule  cage  be  a  large  one,  a 
very  small  quantity  of  the  canuine  may  be  rubbed  upon  one 
part  of  the  tablet,  and  the  water  containing  the  animalculea 
being  pla^^cd  upon  it,  may  be  mixed  up  with  the  carmine  in 
the  usual  manner.  (>f  the  three  colours,  the  sap-green  will  be 
most  easily  swidlowed  by  the  insects,  altliough  the  ou^mine 
shows  best  in  the  water,  whilst  the  indigo  is  not  ao  aamlj 
managed  as  the  other  two.  The  colours  when  employed 
should  be  of  the  purest  kinds,  otherwise  the  animalcules  will 
not  eadly  swallow  them,  or,  if  swallowed^  the  death  of  the 
creature  will  s|)eedi]y  result. 


FOSSIL  INFUSORIA, 

An  endless  variety  of  Infusoria  are  met  with  in  the  fbanl 
state,  the  siliceous  skeletons  of  which  have  become  aggregated 
tc^ether  in  such  immense  masses,  that  not  only  arc  vast 
tracts  of  country  and  chains  of  mountains  formed  of  them* 
but  even  strata,  several  yards  in  thickness,  upon  which 
citiefl  are  built,  .Vincoigfit  the  first  discovered  of  the  infusorial 
strata  were  tlie  polishing  slateB  of  Bilin  and  Tripoli^  tlien  the 
Berg-mehl  or  Mountain  meal,  of  which  almost  the  entire  maaa 
is  compost  of  the  siliceous  skeletons  of  diflfcrent  species  of 
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Navicula  and  BaciUaria*  In  more  modem  times,  the  Ameri- 
can Continent  has,  through  the  reaearches  of  Professor  Bogera, 
furnished  rcmarkaljle  examples  of  infusorial  sand-stone ;  one 
of  these,  at  Richuiond,  in  Virginia,  is  many  miles  in  ler^tk 
and,  in  some  places,  as  much  as  fifteen  feet  in  tliickness.  The 
great  mass  of  chalk,  as  i?een  in  the  cliffs  and  rocks  of  our  coasts 
is  made  up  principallj  of  minute  foraminiferous  shells;  the 
flints  also,  which  are  so  abundant  in  the  chalky  are  now  gene- 
rally con!?idered  to  be  comj>osc^d  of  animal  i^maiiiSy  and  in 
them  may  be  tbimd  fish  scales,  bones,  spicula  of  ^onges, 
Xanthidia,  ishclls  of  various  kindB^  and  numerous  small 
Zoophytes, 

One  remarkable  fact,  in  connection  with  fossil  Inliisoriaj  is 
tliat  mc^st  of  the  fonns  may  be  still  found  in  the  recent  state. 
Tlie  beautiful  eugine-tumed  discs  (Coscinochsci),  so  abundant 
in  the  Kichniond  earth,  may  be  met  with  in  our  own  seas,  also 
in  great  profusion  in  the  deposits  of  Guavo  on  the  African 
and  American  coasts,  and  even  in  the  stomachs  of  the  oyster, 
scallop,  and  other  molludcous  animals  so  common  on  all  our 
shores* 

AlefhtMi  of  Preparing  Fossil  Infitsoria, — A  great  number  of 
the  infusorial  eiirths  may  be  mounted  up  as  objects  wnthout 
any  previous  wiisjliiug  or  otlier  prepamtion,  by  the  methotl 
described  at  page  281,  but  some,  such  as  chalk,  must  be 
repeatedly  washed  to  deprive  the  infiisoria  of  all  iiuinirities ; 
whilst  others,  and  these  by  far  the  most  numerous,  require 
either  to  be  digested  for  a  long  time,  or  even  boiled  in  strong 
nitric  or  hydrot^hloric  acids  for  the  same  pitr|)Ose,  Supposing  the 
earth  about  to  be  [irepared  be  some  of  that  from  Kiehmond, 
in  America,  a  small  portion  ha\ang  been  placed  in  a  test 
tube  (or  other  convenient  vessel  capable  of  bearing  the  heat 
of  a  lamp),  euough  diluted  hydrochloric  acid  is  to  be  pourctl 
upon  it  to  about  half  fill  the  tube,  brisk  effervescence  will 
now  take  place,  wluch  may  be  assisted  by  tlic  api>lication  of  a 
small  amount  of  heat,  either  from  a  sand  bath  or  from  a  lamp ; 
as  soon  as  the  action  of  the  acid  has  ceased,  another  supply 
may  be  added,  and  the  same  continued  imtil  no  further  effect 
is  produced ;  strong  nitric  acid  should  m^w  be  substituted  for 
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the  hydrochloric,  when  a  ftirther  effervescence  will  take  place, 
which  also  may  be  greatly  aided  by  heat;  after  two  or  tliree 
fresh  supplies  of  this  acid,  distilled  water  may  be  employed  to 
neutralize  all  the  remains  of  tlie  acid  in  the  tube,  and  this 
repeated  until  the  water  comes  away  perfectly  clear,  and  with- 
out any  trace  of  acidity;  the  residue  of  the  earth,  wliich  con- 
sists of  silica,  will  contain  all  tlie  infusorial  forms;  some  of 
this  may  be  taken  up  by  a  iishiiig-tube,  and  laid  on  a  slide 
and  examined  in  the  usual  manner ;  shoulfl  perfect  specimens 
of  the  Coscinodiecus,  GaUioneUa  or  Navicida  be  prvscnt,  they 
may  be  niounted  in  Canada  balsam  in  the  manner  described 
in  page  281,  if  not,  the  £«lulc  may  be  wiped  clean,  and  another 
{)ortion  of  tlie  sediment  taken,  and  dealt  with  in  the  same 
way,  or,  li'  good,  after  being  tbried,  may  be  mounted  in 
Canada  balsam.  The  riuano^  from  containing  a  large  amount 
of  animal  matter,  requires  a  rather  different  mode  of  treatment, 
Mr*  Menry  Deanc,  of  Clapham,  who  has  paid  considerable 
attention  to  tliese  matters,  has  recommended  the  following  as  the 
best  metlifKl  of  proceeding:* — **  Take  any  convenient  quan- 
tity of  pure  Icliaboe  guano,  and  wash  it  by  repeated  uhlutions 
of  distilled  water,  until  the  water  is  no  longer  coloured, 
observing  after  each  addition  of  water,  that  it  must  be  well 
stirred  two  or  three  times,  and  then  allowed  to  settle  for  some 
hours.  AMien  sufficiently  washed,  a  small  quantity  of  hydro- 
chloric acid  is  to  be  added  to  the  water  laat  used :  this  dissolves 
Bome  |K>rtion  of  it  with  effervescence,  and  cauaes  a  more  perfect 
subsidence  of  diat  portion  whicJi  it  does  not  act  upon.  After 
this,  dlow  sufficient  time  for  the  deposit  to  become  well 
settled  down ;  then,  the  clear  liquor  being  poured  off  as  clearly 
as  possible  without  lofis  of  the  sediment,  a  quantity  of  strong 
nitric  acid,  in  the  proportion  of  about  two  fliud  ounces  to 
every  ounce  by  weight  of  guano  employee!,  is  to  be  added* 
A  strong  effervesoenoe  takes  place,  wliich  is  to  be  assiste^l  by 
setting  the  mixture  in  a  wann  place,  at  the  tempemture  of 
aljout  200^,  for  six  hours,  during  which  time  the  greater  part  of 
the  gtiano  is  dissolved.  After  allowing  it  to  stand  in  a  cold 
place  for  twenty-four  hours,  pour  off  the  acid  liquor  as  closely 
•   TmnMactian*  (%f  the  MicroMr^piral  Sociehf^  VoL  it. 
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as  possible,  imd  wash  the  sediment  with  an  abundanoe  oT 
distilled  water.  The  finer  portions  of  this  sediment  will 
contain  all  the  siliceous  shells  of  tlie  guano,  perfectly  freed 
from  extraneous  matter.**  It  should  be  borne  in  mind,  in  all 
these  c^jses^  that  some  time  should  elapse  before  the  acids  or 
tim  distiOed  water  are  poured  off'  from  the  sediment,  in 
onler  that  the  eoJid  matters  may  subside,  as  it  has  often  hap- 
pened that  the  most  beautiful  of  the  inftisoria  have  been 
thrown  away  with  the  water  employed  to  wash  them- 
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Foil  the  advantage  of  those  who  are  resident  in  the  country, 
as  well  as  tor  those  who  may  be  desirous  of  investigating  any 
of  the  various  branches  of  natural  history,  whether  for  amuse- 
ment or  otherwise,  it  has  been  deemed  advisable  to  divide 
vegetable  and  animal  structures  into  different  classes*      Mr. 
Topping,  of  No.  l,Y<Jrk- place*  New-road,  PeotonviUe,  one  of  our 
most  ingenious  prejiarers  of  mici'oscapic  objects,  has  obligingly 
furnished  t!ie  author  with  a  list  of  the  most  important  speci- 
mens of  the  various  classes  which  he  is  in  the  habit  of  supply- 
ing to  his  customei-s;  from  this,  as  well  as  from  one  which 
has  been  derived  from  a  variety  of  other  sources,  including  the 
author's  own  experience,  the  following  collection  of  the  most 
interesting   subjects   for   examination   has   been    drawn   up. 
Those  who  may  require  a  more  extended  list,  may  consult  a 
w^ork  published  in  1847,  entitled  Microscopic  Objects;  also  a 
List  of  Two  Thou.m7td  Microscopic  Objects^  by  A.  Pritehard. 
London,    1835.       A   fiill   description  of  the   vegetable   and 
animal  tissues  will  also  be  given  in  a  catalogue  of  the  micro- 
acopicid  prepamtions  shortly  to  be  pubhshed  by  the  Royal 
College  of  Surgeons,     As  the  sirueture  of  vegetable.*  is  more 
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easily  made  out  than  that  of  aninmlB,  and  much  U  ss  diescctioii 
and  prejmmtion  required  in  the  former  than  in  tlie  latter,  tlie 
author  \im  thought  proper  to  commence  tlie  claselticjitiou  wiUi 
a  few  of  tlie  most  clianicteristic  objects  that  can  be  procured 
from  tlie  vegetable  klngilom,  as  illuBtrations  of  structural 
botany* 


VEGETABLE  TISSUES. 

Preparations  of  vegetable  tiBsuee  are  principally  obtained 
either  by  tearing,  by  making  sections,  by  maceration,  or  by 
dissection,  whilst  otlicrs  can  be  examined  in  the  natural  st^ite* 

Ctiticltif. — The  cuticle  of  the  stem,  flower,  or  leaves,  may  be 
removed  in  tlie  maimer  described  at  page  324,  by  taking  a 
small  portion  between  the  blade  of  the  knife  and  the  thumbs 
and  tearing  it  away  in  the  direction  in  which  the  separation  is 
most  easily  effected.  Cuticles  should  be  mounted  either  dry 
or  in  fluid  ;  when  much  colouring  matter  b  present,  tlie 
fiirnier  racthod,  or  that  in  bal^in,  i^hould  be  adopted.  A  few 
of  the  most  illustrative  specimens  may  be  obtained  from  the 
following  plants ; — 

Oncidtuiiif 
Opuiitm  viilgarts, 


Pelar^ouium, 
GeriLiiiuu], 


Aiiagallk, 


Deutzitt, 
Oleamler, 


Aguve  AmencAiiiL 


Cellular  Tissue. — Thb  tiisue  enters  more  largely  than  any 
other  into  the  composition  of  vegetable  structures ;  it  may  be 
obtained  very  readily  from  ripe  pulpy  fruits,  such  as  the  straw- 
berry, raspberry,  and  peach;  from  other  plants  it  may  be 
procured  by  maceration,  or  the  8ha[>e  of  the  individual  cells 
may  be  shown  by  vertical  and  horizontal  sections.  The 
following  list  will  embrace  some  of  the  most  interesting 
varieties ; — 


Sectiona  of  Pith  of  Elder, 

Filix  mjifl, 

— Liliuni  cauclidiim(lcitf}, 

Rice  paper  plimt. 

Pulp  of  Strawbeiry, 
Rjuipberry, 


Pn]p  of  Poach, 

— ^ Orange, 

IIaIt  of  TradescantiA, 

Groundsel, 

Cotton  plant, 

PentuWiiion. 
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Fibro-ceUular  Tissue. — This  very  elegant  tissue^  consiMing 

of  a  cell,  in  the  interior  of  which  a  spiral  fibre  is  coiled  up,  \& 
found  readily  in  a  moss  tcrmeil  Sphagnum,  or  bog  mo/ss ;  but 
in  80me  of  the  orohlduceous  plants,  tJie  leaves  are  almost 
entirely  ma<Jc  up  of  it,  from  wliich  the  cells  may  be  obtaixiod 
either  by  maceration  or  by  section;  the  best  examples  are 
afforded  by  the  folio  wing  plants : — 

SpliagQum,  Cobasa  seandens,  Pleurathallb  angustiibllju 

A  modification  of  tliis  form  of  tissue  is  found  in  the  tedta] 
of  ^uuie  seeds ;  a  portion  of  it  from  the  following  seeds,  wh^^n 
wetted,  will  exhibit  both  the  ceU  and  the  fibre  in  a  verj^  beau- 
tifiJ  manner: — 

Salvia,  Cdllomia  grandifolia,  CoUomia  linearis,  Acaathodiuixi. 

In  the  Elatera  of  Jungemiannia  a  similar  kind  of  tissue 
may  also  be  seen. 

Spiral  Ves^fh, — These  may  be  procured  either  by  niacem- 
tion  and  subsequent  dissection,  or  by  vertical  sections  of  the 
Bteme  of  plants? ;  in  some  transparent  leaves  they  may  be  seen 
in  situ,  or  may  be  accidentally  separated  with  the  eutide. 
Very  good  examples  will  be  found  in  the  following  plants : — 

Cuctus  spe<^iosa.  Amadou^  Long  Leelt, 

Cactus  opuntiii,  Il^ntcititli,  Lycojiodium, 

Rliubiirb,  NepeDibes,  Canna  hieolor, 

Mexican  Lily,  Asparagus^  Falnu 

Ditetn  of  vartoiis  kinds. — ^These,  like  spiral  vessels,  may  be 
dissected  out  of  sot!  stems  or  roots  after  maceration,  or  may 
be  examined  by  vertical  and  horizontal  sections  of  more  dense 
structures ;  the  following  plants  will  exhibit  some  of  the  most 

interesting  specimens  v— 


Pteris  aquilina^ 
Ebiibarb, 


Elaterium, 
Bidilia, 


Fbcenix  dactylifera, 
Opantia  vulgarta. 


fVoodt/  Fjbre,~Thi9y  although  strictly  cellular,  is  much 
more  firm  and  elastic  than  the  usual  forma  of  that  tissue; 
the  walls  of  the  cells  are  for  the  most  part  structureless,  whilst 
others  are  covered  with  minute  markings,  or  with  glands,  aa^ 
for  example*  in  the  coniferous  tribe.     The  cells  of  woody  fibns 
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may  be  cxmnined  in  vertical  aod  horizontiil  sections;  uiid 
after  long  niucemtion,  or  by  a  process  teniied  hacklauf^  as  in 
the  ease  of  flax  anil  liemp,  may  be  sopamtetl  from  otlier 
investing  tissues*  In  the  latter  plants  it  niay  be  seen 
in  ltd  most  simple  condition^  wbllst,  in  sections,  all  its 
pecub'ar  tuodlHcations  tmn  be  examined;  the  subjoined 
list    will    nftbrd    some    of    the    most    characterktic    exam- 


Flux, 

Flux,  New  Zettland, 

China  grvm^ 

Ilempi 

Sections  of  Pine, 

Yew. 


Sections  of  AraucarisL  exodfla, 

— E|)hedra, 

Dat€  palm, 

Drimya  Winteri, 

— — Nipal  wocj*l, 

C«djir. 


The  following  list  of  sections  of  wood,  made  by  Mr.  Tuppiitg, 
in  three  different  directions,  as  described  in  page  311,  will 
alao  serve  to  illustrate  the  structure  and  arrangement  of  the 
more  important  tissues,  \iz-: — 


Yew, 

Si'otch  fir, 

Weymouth  Pine, 

PiiuN 

Norfolk  bland  ditto, 

Mjihogatij, 

Cobmi  scandens, 

Alder, 

Grii|>e-vine, 

Lime-tree 

Cedar, 

Cork, 


Elm, 

Willow, 

Popljir, 

Dute  pniin, 

Cttiic?, 

Dmgon-cane^ 

Malicca-caae, 

Wanghee-ame, 

Bambocs 

Sngar-eane, 

Ruflh, 

Equjjetum, 

Ptcirii  oquilinfu 


DngoD  palm^ 
China  nee-paper, 
Indian  liitto, 
Pith  of  dder, 
lioot  of  goodeberr/. 

sTcamon*, 

f\irxe, 


vine, 

intmofla, 

elder, 

elm, 

oak, 

apple. 


Fmsil  fVoixU* — Sections  of  tliese,  made  by  the  lupidjiry  in 
tlie  same  direction  as  the  woods  hi«ft  described,  will  exhibit  very 
remarkable  structures,  the  woody  fibres,  and  somctinics  the 
vessda,  being  ns  jierfcct  in  them  its  in  nny  nnunt  stems. 
Specimens  obtained  from  the  following  localities  will  be  found 
amongst  the  most  striking  of  this  c'lass  of  objects : — 
24 
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Endogeiis . .  East  Indiee, 

f,  Aniigna. 

Ex  og^ns  .  .  An  tl^  a, 

„  Allen  Bntikt 

I,  Au&trtilia, 

„  Cliiy  e  roM,  Derbyshire, 

II  Cromer, 

n  DutUey, 

„  Darleaton, 

It  Egypt^ 


Exogens  ,  ,  Harwtcli, 

Me  of  W%hl, 
,f  Lenel  Hraea, 

„  Kevr  Holland^ 

„  Oldbur^, 

Twe^  Mill* 

„  VanDieitiaa'flliaai]^ 


Siliceous  Cuticles. — ^Theee,  obtained  from  the  followiii^  etem^ 
and  parts  of  grasses^  in  the  maimer  hefore  described  at 
page  305,  by  the  action  of  acid,  will  exhibit  the  beautitid 
arrangement  of  silica  so  instant  in  this  tribe  of  plants^  and 
which  forms  so  splendid  an  object  for  polarized  light  :■ — 


Equisetuni, 

O&t«0trfiw, 

Ryt*, 

Wbeat-srtmw, 

Out, 

Malacca^eane, 

meat. 

Cuniyry-ttraw, 

D«igoti-eaiie, 

Barltiy- straw, 

Cmiiu^-seed, 

Watigliee-r^iil?, 

Barley, 

Rje-stmw, 

B^iiboo-cane. 

With  the  above  list  may  be  included  the  follownng  one,  which 
conBists  of  the  haire  of  certain  plants^  tbeee,  like  the  cuticles 
above  deseribcd,  are  provided  with  a  protecting  cxiat  of 
silica : — 

Leaf  of  Deutzitti  DuriOi  ElttagDUS,  Olive. 

^£hVs-— These  are  found  principally  npon  the  under  Bwt~ 
faces  of  leaves^  upon  steins,  or  upon  some  part  of  the  flower; 
they  are  generally  viewed  as  opaque  objects;  some  of  the 
larger  kinds  may  be  detached,  and  then  mounted  either  in 
fluid  or  in  Canada  balsam.  The  following  list  will  exhibit 
a  few  of  the  most  interesting  varieties  ; — 


Leaf  of  Deutzia, 
Anchusa  tinctoria, 

angustifolia, 

Althaea, 


Borago  officinalis, 
Dolichos  pruriens, 
Elaeagnus  angustifolia, 
Acanthodium, 


Durio  zebeUiinus, 
Nepenthes, 
Dorstenia, 
Verbascum. 


Pollen. — All  the  darker  kinds  may  be  mounted  in  Canada 
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bolsaiEi,   the  more  transparent  either  in  fluid  or  drj'j  eome 
remarkable  examples  will  be  foiuid  in  the  subjoined  list : — 


Ai'acia  amuita, 
Aiia^illi^  arveiisis, 
CallA  iEthioplcA, 
Cajnpftnula^ 
CoQvolviiluj}  major, 
mmor. 


Fut*tisia  ^lobosa^ 
Geraiij  umRobertlauuiUf 
Guernsey -liJy, 

Jnsminei 
Ljcbnls  scarlet. 


Iklarvel  of  Peru, 

Polf^rc:»nuiii  orientals 

Ft'UtKtcmon, 

Sedum  acre. 

Tiger-lily, 

Tulip. 


Starch. — The  granules  of  stureh  are  obtained  from  a  variety 
orpliiuta  by  repeated  waeliing  in  eold  water;  many  kinds  are 
eold,  but  tliat  from  wheat,  rice,  arrow-root,  potato,  and  touB 
le.^  mujs  (Canna),  are  amongst  the  most  common ;  the  ispeci- 
mcna  should  be  mounted  drj^,  in  a  very  thin  glass  cell,  or  in 
one  made  of  jwiper,  so  ad  to  keep  the  cover  from  pressing  too 
much  on  the  gninide4i,  A  knowledge  of  the  apjicamncc  of 
the  different  kinds  of  starch,  when  examined  by  the  micro- 
eeope,  is  of  great  importance  in  detecting  the  frauds  often  pnw*- 
tised  on  tlic  public  by  introducing  granules  of  a  cunmiou 
kind,  and  puffing  them  oft'  as  belonging  to  another  and  more 
expensive  |)hint ;  they  arc  also  very  beautiful  objects  when 
examined  by  polarized  light*     T\\e  following  list  will  give  the 


most  mtercstmg  vanetics : — 


Arrow-root, 

r>ittn,  Eivst  Tudian*, 
Ditto,  West  In<liftn, 
Brig1]t*9  custord-powcler, 


Indian -corii, 
Iceland- mosfi, 
Potato, 
Ric€, 


8agi>, 

Tjipioi^a, 

Toii£  h«j  mola  (Canna), 

Wheat. 


St'txh. — These  are  generally  examined  as  ofrnqnc  objects, 
with  a  low  magnifying  |x)wcr;  some  from  the  orchid  tribe,  and 
those  that  are  tcnued  by  }>otam8t«  *^  winged^  may  be  mounted 
in  Canada  bakam,  and  viewed  as  transparent  objects.  The 
following  list  will  contain  the  names  of  the  most  striking 
specimens : — 

AmipilU*,  Dandelion,  Orrhi*  manilata, 

Anethum,  ErBmooarpua,  bifoHa^ 

graveolcna.       Groundsel,  PoppJ^ 

Lupin,  blue,  Sorrel, 

Lyehnis,  scarlet,  Bycatuore, 

Mjgiic>ttett«,  VerWna. 


Carroway, 

Carrot, 

CoUomui  gnmdHlonk 
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Ferm. — The  parta  of  this  curious  tribe  of  planta  mewl  wi- 
terestlQg  for  microecopic  examination,  are  the  reprodactive 
organa  or  simrantpa  that  are  situated  on  the  under  sor&oe  rf 
the  fronds;  they  consist  of  yellowish  brown  aia^t^e^  of  cspeulrs, 
in  which  tlii^s  seeds  or  »j>orefi  are  contained,  Penu3  shotdd  he 
gathered  before  the  capsules  are  quite  ripe,  otherwise,  in 
drying,  these  delicate  structures  arc  apt  to  bunst»  and  the 
contained  spores  are  scattered  to  some  distance  by  the  action 
of  an  elastic  spiral  spring,  which  fomisj  a  band  or  zone  on  the 
upper  part  of  each  capsule,  ^Vflter  havin*^  been 
drie<l,  ©mtdl  portions  of  the  frond  eoutaining    tlie    ^  a 

should  be  fastened  by  some  cement  to  any  of  the  large  <lisi*a 
before  des<jribcd  at  [wige  290,  or  the  very  flat  kind^  ujay 
mounted  between  glas^ses  with  Cimatla  bal^ui.  The  ea|)dul« 
arc  best  ejcamined  as  opaque  objects,  with  a  jjowcr  %' 
from  forty  to  one  himdred  diameters,  when  iU  animated  by 
Lieberkulin,  or  by  the  side  reflecton  As  almost  cvery^  kind 
fern,  whether  Britisli  or  foreign,  is  more  or  less  beautifid,  it 
woidd  be  needless  to  particidarize  any  Individual  s^x^cimens: 
those,  however,  presently  to  be  enumerated  under  the  head 
of  e^i>ores,  will  serve  to  ehow  both  the  capsules  and  tlieir 
contents. 

Sporrs, — These,  which  ore  analogous  to  seeds  in  other 
|)limts,  should  be  examined  either  as  ojmque  or  tis  traaspiircnt 
objects,  with  a  magnifying  power  from  two  hunthed  to  three 
hundred  diameters ;  tlie  list  might  well  include  the  whole  of 
the  \^i:rn  tribe,  as  all  arc  more  or  less  beautiful,  but  the 
foUowing  may  serve  as  a  guide  to  some  of  the  most  interest- 
ing 8|)ecimens: — 


AilijintiiiD  ni^frum, 

— ^ capillufl  veneris, 

Aj< j)i  d  i  I  iiiii  ac lileat um , 
Duvallia  Canariensis, 
Graiiinntis  cuterucli, 
IlyaiciiophyUum  TupbriclgeusL% 


Loniaiiii  siiicaiif, 
Ljeopodiiua, 
Pteris  clegans, 

bastatu, 

Poh'podium  Tulgftre, 
Scolopeudi'tum  vulgar*?, 
Toilea  Afncana. 


Ruphides. — These    are    crystalline    bodies    found    in     the 
interior  of  plants ;  sometimes  they  resemble  needles  in  shape  J 
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(lieiK'c  tJieir  Banie),  tit  otlicr  times  they  occur  in  octtiLotlmrii?, 
or  in  stellate  bimdJee,  Several  varieties  will  be  fuund  In  the 
following  list: — 


Aioc*, 

Applft-trcii, 
CiK'tuK  opunlk, 
Grape  vine. 


Hickory, 
Hyacinth^ 

Uniun, 


Rhubjirb,  Turkey. 

Squill, 

Tuli|>, 


Hard  Tmiurs, — These  require  to  be  prepared  like  sections 
of  bone  and  shell,  sometimes  by  the  cuttLng-miicIiine,  but 
more  frequently  by  grinding  down  on  a  hone  thin  slicci?  that 
have  been  cut  by  a  saw ;  a  peculiar  kind  of  gritty  tissue 
18  found  in  tlie  pear  tribe — this  can  be  obtained  either  by 
■  iectionA  or  by  maceration.  The  following  list  will  embi-acc 
'the  names  of  some  of  t!ie  most  interesting  kinds : — 

Pear,                                                        Stone  of  tanmriod. 
Stone  of  apricoti                                 Sbelb  of  BraxQ^nut, 
eliorrv,  cocoa- nuU 


'  ilam^on, 
date, 
peach, 
plum. 


hazel-nat, 

ivory-nut, 
walnut. 


Cone  of  Pine. 


Mosses, — Next  to  ferns,  tlie  structure  of  mosses  is  one  of 
extreme  interest ;  the  pauts  most  frequently  examiued  are  the 
leaves  and  the  theca,  or  seed  vessel,  with  its  viirious  appen- 
dages, \iz.,  teeth,  calyptra  and  opeix-uUinu  Some  Bi)ecimcns 
may  he  mounted  in  Caumla  balsam  after  having  been  moistened, 
antl  then  pri>]»erly  laid  out  between  sheets  of  blotting  jmper, 
to  dry  the  tlieea; ;  others,  from  which  the  ojKTculura  has  been 
removed,  may  be  mounted  on  discs  in  the  manner  sliown  by 
figs.  195-6-7;  and  one  Hi)ccimcn  in  particular,  named  the 
Funaria  hygrometrica,  when  so  mounted,  will  exhiliit  the  move- 
ment of  the  teeth,  if  the  moist  breath  be  allowed  to  come  in 
contact  with  them.  The  Iciive^  of  Sphagnum,  or  the  bog-moss, 
cxliibit  a  cellular  structure,  with  a  spiral  fibre  wound  round  die 
interior  of  cacli  cell  The  leaves  of  tM>me  s[H*cie8  of  Splat*hnum 
and  Hookeria  are  also  remarkable  fur  the  elegance  of  their 
appeamnce.  Tbe  following  genera  will  be  found  to  iticludo 
the  most  interesting  \iirietie*i: — 


3T4 
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Fmuiria, 
Grmnostomiun, 


Hookem, 
QjpDam, 
Orthotricliiiim 
Foljtrichum, 

found  abundimtlv  l>oth 


-These  are  found  abundimtlv  l>oth  in  sail  and  freab 
wat4?r;  many  of  them  form  most  interestiiig  sabfecli  fcr 
microscopic  exnmmiition,  tiic  marine  species  in  particnkr, 
heii^  so  often  covered  with  Zoophjtes  of  Tarioii^  kind^  ike 

ciliated  amis  and  internal  structure  of  who^e  polyps  aa* 
objects  of  such  extreme  interest.  In  a  work  like  Ae  preeent, 
it  would  be  impoaeible  to  point  out  all  the  principal  viirieded 
in  either  class;  the  autlior  would^  tliereforc»  beg  to  refer 
those  who  may  be  anidous  to  obtain  correct  information  oa 
these  Bubjects,  to  tlie  excellent  work  of  the  Hon.  W,  H* 
Harvey,  termed  Fhifcohffin  Britanntca,  or  a  Uisiary  of  BHHsk 
Sfft-wndji ;  and  to  the  Bntkh  Frcah^ratrr  AlfftE  of  A.  H. 
IliiiisaU,  E^q, 

MisceUamous  Strnctures  ofujihrmts  character, — For  the  sake  \ 
of  comparison  of  known  with  unknown  vegetable  and  animal 
tabrici?^  certain  specimens  of  woody  fibre^  in  the  sliape  of  flax» ' 
hempi  or  cotton,  and  of  animd  etructures,  such  as  silk^  hair, 
and  wool,  should  be  provided;  some  of  them  may  be  examined 
a«  opac^ue  objects  u[X)n  a  dark  ground^  wliikt  otlxers  w^iU  require 
to  be  viewed  by  tranBmitted  light.  Mummy  cloths  of  diflereut 
kintlisliave  often  been  matters  of  dispute  with  various  microsoo* 
pii*t6  as  to  the  true  nature  of  the  material  of  which  they  were 
composed.  Dr*  Ure  first  directed  attention  to  the  valoe  of  the 
microscope  in  these  researches,  and  demonstrated  clearly  that 
the  material  employed  by  the  Egyjitians  was  linen^  and  by 
tlie  Peruvians  cotton;  the  former  being  known  by  ita  fiolid 
and  cylindi"ical  character,  tbe  latter  by  being  a  more  or  lesa 
flattened  band.  The  structure  of  silk  and  hair  are  widely 
different  from  that  of  cotton  or  linen,  hence,  in  woven  fabrics, 
a  knowledge  of  each  Ijccomcs  of  the  greatest  importance,  as 
it  can  be  unequivoadly  demonstrated,  by  the  microscope, 
whether  any  of  the  vegetable  matters  have  been  fraudulently 
introduced  with  those  of  an  animal  nature.  The  most  instruc- 
tive specimens  will  be  fouiul  in  the  i'ollowing  list: — 
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Flax, 

New  Zealand  flax, 

liiiliun  lietiip, 
Cjinibrit', 
Raw  silk, 
SiJiin  silk+ 
Hilk  ribbon, 
Lnc^-trets-bark, 


Cot  ton -grass, 

China  gn&sK, 
Cotton,  raw, 
C^Jtt^>n,  rard*Hi, 
Gun -cotton. 
Muslin, 
Wool,  sheep, 

Fell, 


Mumm  J  cloth, Egyptian, 
Muuniuy  cl»>th,PcruYi*n, 
Clotli,  Tahitiin, 
Cloth,  Sandwich  litliincU, 
Beuvers'-lmir  and  wool, 
Uubbit8**liair  and  wool, 
Goats*-liur  and  wool, 
B/B8Ua  of  a  Pinna, 
Mtuael. 


ANraAL   TISSCES. 

Preparations  of  animal  etructurea  ai*e  obtaioed  in  a  variety 
of  way  a  ;  but,  more  or  less,  dis^ction  will  be  found  necessary 
in  almost  every  casc*  The  subjoined  li^ts  will  atlbnJ  a  few  of 
tlie  best  examples  of  the  diftbrent  kinds  that  may  be  pi'ocured 
from  the  various  classes  of  animals, 

Siiiceatis  Sht'lt'tomt  of  recent  and  fossil  Infiisoricu — These  may 
be  obtained  froni  a  variety  of  eoinrc^s,  and  aa  they  are  eapable 
of  resisting  tbe  action  of  strong  acids,  the  method  det*cribed  at 
page  364  will  be  found  necessary  in  all  cases.  They  may  be 
mounted  in  balsam  or  in  fluid ;  the  very  delicate  kinds  for 
test  objects  are,  however,  generally  mounted  dry,  Tlie  follow- 
ing arc  the  lociditics  in  which  the  most  remarkable  spccicB 
have  been  found  ; — 

RECENT  INFCSORIA. 


America,  seven  localities. 

Pontb  at  Wandswortli, 

AJgoa  Bay, 

♦1 

Totteridge, 

Thamee,  at  Ttibniy, 

*« 

HutnpHti'ad, 

„             WoolwicJi, 

M 

Highgate, 

„            Lonibeth, 

11 

St.  John's,  New  Brun§- 

SoathamptoD. 

W 

St.  Vincent's,     [wick. 

«4 

Peterftbcrg, 

River*— Tyne, 

»* 

Spring  Dyke,  HuU. 

»,        Clple, 

„        Humber, 

Ipswid] 

I  Hariiour, 

TagUB, 

Charleston  Harbour. 

„         Kile, 

„        Mersey, 

Guano 

from  Ichaboe, 

„        OrwcU, 

Peru, 

Indua, 

»^ 

Paiagoiua, 

Lea,  Ewex. 

^t 

Saldaolia  Bay. 

N«fw  River,  Enfield, 
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Loojdities : — 

Barbaducs,  Mount  llillougbby, 

Spriugtield, 

Bermuda, 

Franzenbad,  Bohemia, 

Billn  (six  varieties), 

Upi>er  Baixn,  Ireland, 

Ireland,  Moni-niountaiu, 

Lapland, 

Eiiieii  (three  varieties), 

Eietimond,  North  Aniericiiv 

Blue-Mll-jxnnd,  Maine, 

Petersberg:,  Virginia, 

FisL-atuway,  Maryland, 

Holiis-i'lirt'^  Virj^iiiia, 

RappeidiiLDock^eliff,  America, 

Oregoni 

CumberJandf  Kbode  Maud, 

Wreatham, 

Kritchelberg, 


Localities : — 
HolderQess,  Yorkalurrt 
Lunejiberg^, 
Leicestershire, 
Gcrumny  (five  varietJr^J, 
Dolgellj,  North  Wale^, 
Bridge  water,  Ameri*it, 
West  Point,  New  York, 
TijHcrafiy  (two  varietJi'dX 
Jutland  Bute, 
St,  Flora, 
New  Zealand, 
Tripoli  (two  varieties), 
Tuscany, 
Nova  Scotis, 


Motmtaiii  Meal, 

Milk, 

I^olytbalamia,  America 


Many  other  kinde  of  infusoria  may  be  preserved  lia  micro- 
ecopic  objects,  wboi^e  bmlies  are  either  goft  or  contain  only  a 
emjtll  trace  of  eillca;  they  may  be  mounted  in  one  of  the 
lircserViitJve  HuiJi*  before  describetl  at  page  270,  but  of  tliese 
tlie  Glycerine  ap|wars  to  present  tlie  colour  best,  although 
the  fluids  recommended  by  Mr.  Thwaites  and  Mr.  Baits  will 
answer  for  most  purposes.     The  cell  to  be  employed  should 
be  vcf)'  tliin,  either  made  of  the  finest  glass,  or  of  gold-saze, 
in  the  manner  recommended  by  Mr,  Topping,  in  page  257 ; 
the  cover  also  should  be  verj^  thin,  as  high  powers  will  often 
be   required   for  their  examination.      Many  species  of  the 
following  genera  may  be  preserved  in  fluid,  and  some  of  thein 
even  in  Canada  balsam. 

In  tlie  list  will  be  found  .several  genera,  for  splendid  spcci-  ' 
mens  of  which  English  mici^oseopists  are  Indebted  to  a   few 
fellow -labourers  in  America,  but  more  especially  to  Profej 
Bailfv,  of  \\V**t  Point :— 
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Achniuitlie-M, 

Enehelys, 

NaviculiLt 

AcliiiocvL'lus, 

Eua«trimi, 

Pararaedum, 

ArthrodcsniQS, 

Euglenti, 

Pyxidicula, 

BarillftHa, 

Fm^llariii, 

Stetitor, 

Brarhionuit, 

Galliunellji^ 

Sjmedm, 

ClosteriuDi, 

Trichoda, 

Coeu«neiiui» 

Doiiium, 

Vibrio, 

Coecinoilisfciw, 

liytliilinii. 

Volvox, 

Doxocutrauflt 

Mi!riiliunf 

Xantliiiliutu. 

Spanffes, — ^Thcse  lowly  organi^d  aniiuaU  are  foiniij  both  in 
salt  and  fregh  water  in  iJl  ports  of  the  globe,  iimuy  of  them 
are   very    minute,    and    may    be    examined    witliont    much 

previous  preparation,  whilst  others  require  either  to  be  burnt 
or  acted  on  by  acid,  in  order  to  display  the  email  massea  of 
flint  termed  upwula^  which  form  their  rutlimentary  skeleton^  aa 
well  ns  other  mas&cs  of  the  same  materialj  which  enter  lai'gely 
iuto  the  frame-work  of  tlie  yoimpj  ^jjoiiges  or  qcmmuiejs.  The 
Britii^h  fresh  water  simtigea  abound  frequently  in  gemmules, 
but  tlie  spicula  are  mostly  needle-i?haped^  like  the  mphidcs 
in  the  hyacinth  and  squill ;  in  some  of  tlic  marine  specie% 
especially  those  from  Australia,  New  Zealand^  and  Algoa- 
bay,  moet  remarkable  specimenB  of  both  may  be  obtained. 
Mr,  Bowerbank,  w^io  ha^  jxiid  considerable  attention  to  their* 
microscopic  ejtructure,  has  discovered  a  variety  of  new  and  inter- 
esting forms ;  but  as  an  immense  niuuber  of  foreign  species, 
whicli  fK)68e88  beautiful  spicula  and  gemmides,  are  still  unde- 
scribed,  it  would  be  im|xissible,  at  present^  to  give  the  namea 
of  more  than  a  few  of  the  well  known  genera : — 

(n-odia  MuUeri,                                        Spong:tlla  iluviatilit, 
U&ljcbondm  piiniceii^                              T«thea  cranium, 
PadijinatUma  Johnston t&aa,  Ijnctinuiti, 

Mr,  Topping  infornw  the  author  that  he  is  in  the  haliit  of 
supplying  no  less  than  eleven  varieties  of  spicula^  and  seven 
varieties  of  gemmulcs ;  also  one  8[>ecimen  of  siliceous  sponge, 
and  five  different  kinds  of  sfionges  in  flint,  together  with  moe&, 
agatea»  and  sections  of  flints  from  the  chalk  and  gravel. 

AkymiitwL — Nearly  allied  to  nptinges  is  a  faniUy  of 
Zoophytes,  termed  Alcyonida?,  which  mv  often  lobed  in  a 
peculiar  manner,  the  outer  skin  being  tough  and  studded  all 
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over  with  stellate  figures,  each  of  which  is  divided  into  eigtil 
rays,  from  these  the  tentacnla  of  the  pohT)e8,  also  eight  in 
Dumber^  may  often  he  seen  to  issue-  The  eelU  for  the  polypes 
are  situated  iuimediately  under  the  ekin,  and  are  the  tenuina- 
tiouB  of  long  aquiferous  canals,  which  run  through  the  whole 
polypidom;  the  space  between  the  tubes  is  occupied  by  a 
loose,  fibrous  net- work,  the  fibres  of  which,  in  some  places, 
are  more  crowded  than  in  others,  and  there  form  small  com- 
partnient?.  AH  the  interspaces  are  filled  up  with  a  tran?*pa* 
rent  gelatine,  in  which  nimierous  crystalline  irregular  spicula 
lie  imraersed.  These  spictila  are  calcareous,  and  are  mostly 
in  the  form  of  a  cross,  and  toothed  on  the  ^ide.^i.*  ITiey  may 
be  obtained  from  thin  slices  by  maceration,  or  by  burning  a 
small  portion  of  the  animal  in  a  spirit  lamp.  Three  kinds 
found  on  tlic  British  coasts  are  aihnirably  deecribed  in  the 
WT>rk  jii8t  quoted ;  these  will  all  exliibit  remarkable  spicula^ 
and  are  named  as  follows  : — 


Alcyoniutn  iHgitatura,  A.  glomeratum,  Sarcodictyon 

Many  other  kinds  are  met  with  on  foreign  shores,  in  whicli 
spicula  of  very  pecuEar  shapes  are  abundant ;  the  author  has 
in  his  possession  some  sea-sand  from  Java,  of  which  ftill  one- 
third  of  the  bulk  is  composed  of  tlie  spicula  of  different  0peci€;;0 
of  Alcyoniom,  Gorgonia,  and  sj>onges,  and  one-tliird  of  the 
remmnder  of  foraminiferous  shells* 

Gnrf/oTtffU — Allied  to  Alcyoniura  is  another  family  of 
Zoophytes,  termed  Gorgoniada?,  whirli,  hke  the  preceding, 
abound  in  spicula  of  various  shapes ;  these  may  be  obtained  in 
a  similar  manner,  cither  by  sections,  by  maceration,  or  l>y 
burning*  The  British  species,  ac4;ording  to  Dr*  Johnston,  arc 
five  or  six  in  number;  but  in  other  parts  of  the  globe  they 
are  very  abundant.  Mr.  Topping  supplies  as  many  as  seven* 
teen  varieties  of  spicula,  almost  all  of  which  are  obtained  from 
foreign  s|iocunena.  They  are  often  of  a  bi^uutiful  pink  colour, 
and  when  mounted  in  Canada  balsam^  are  objects  of  graU 

♦  A  HitUfrtf  of  Brituh  Z^ipkift^g^  by  G.  Jivhimtoii,  M.I>..LL.0.    Idoa* 
1847. 
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mtereet     The  following  gpecica  lire  inbibitanto  of  the  Britifili 


Gorgonift  vermccMia  ;  G.  t>mn»U ;  G.  Pliiconiu*! ;  G.  micops  { 
Primnoa  Icpmlifcm. 

Corah. — ^Thcee  are  best  examined  by  horizontal  and  vertical 
{sections;  if  the  animal  matter  only  is  rcqiiired,  the  i^ections 
may  be  mueenitcd  in  hytlroeliloric  aeitl,  to  whieh  five  or  six 
times  its  btilk  of  water  has  been  added*  Mr,  Bowerbank  has 
paid  considerable  attention  to  the  stnietnre  of  the  Corallida*, 
and  to  hh  published  paper  in  tlie  vohime  of  the  Philosophical 
Tmnmvtiom  for  1842,  the  author  would  refer  those  who  arc 
anxious  for  information  on  these  points. 

Zoophtftes, — Rci^ident^,  or  occaijiiomd  visitors  at  tlie  sea-side, 
when  pro%ided  with  a  microscope,  will  have  abundant  oppor- 
tunities of  examining  some  of  these  most  elegimt  of  aniuial 
forms.  Scarcely  a  piece  of  sea-weed  or  fniguaent  of  sheU 
will  be  found,  tliat  does  not  aftbrd  a  habitation  for  some  member 
of  this  interesting  ftimily.  Some  choose  for  their  dwelling- 
place  the  depths  of  the  ocean,  whilst  others  are  found  in 
localities  that  are  left  high  and  dry  at  every  ebb  tide.  The 
inhabitants  of  the  deep  water  are  prociu'ed  by  an  operation 
termed  dredrprtf;,  wliils^t  the  others  can  be  very  well  collected 
at  low  water,  as  they  are  generally  adherent  to  sea-weeds,  or 
to  old  sliells  or  pebbles ;  amoi^t  the  most  common  are  the 
various  species  of  Phmiularia,  8ertularia,  Tubularia*  and 
Bowerbankia>  aU  of  which  are  most  beautiful  objects  for 
microecopic  ob8cr\ation;  the  latter  genus  was  especially 
abundant  at  Heme  Bay,  in  St^ptember,  1848,  where  it 
might  be  picked  up  in  prnfusinn  on  the  beach,  being 
attached  to  a  variety  of  sea-weeds*  For  a  full  description  of 
the  various  British  species  of  Zoophytes  which  may  be  met 
with  either  in  fresh  or  salt  water,  the  excellent  work  of 
Dr.  Johnston,  before  quotcfl,  should  be  consulted. 

ImtcU. — Tljis  division  of  the  animal  kingilom  aflTords  to  the 
mioroecopist  the  most  numerous  and,  perbai>s,  the  most  beau- 
tifiil  diise  of  objects  for  examination^  as  tliere  is  scarcely  a  part 
of  the  lK)dy  of  an  insect  that  does  not  exhibit  sonic  rcnuirkable 
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structure.  In  the  following  claasified  list  are  enumemtcd 
some  of  the  iasects  in  which  certain  porta  and  oi^ans  mj 
best  be  \'iewcd :— 


Cockchafer, 

Cockroadi, 

Antenna, 

Gtmt, 
iOtlge-fly, 

StapbjHniiii^V 

Cabbage  -  bu  tterti  jr , 
Cockroaeb^ 

Field  Cricket, 

Laequey-inoth, 

Magjiie-motli, 

i 

Pnvet-motii, 

Water-SCO  rpion 

Buprcfitb, 
Cr»ckchafer, 
Ciciudelji  germanicii, 
maritima. 

Ehftra, 
Denneatos, 
Diiu  mind  •beetle, 
Dytieus, 
MaBtiB^ 

Muiik -beetle, 

Notuuecta, 

Uiiiconi-beetlo* 

The  elytra  of  the  various  kinds  of  diamond   beetles 

iimongst  the  most  bnUiant  of  all  oimque  objects;   some 
them  are  much  improved  by  being  niounted  in  a   thick  e^lll 
with  Canada  halsaiii,  in  the  manner  described  at  page  2^ 
whilst  othei-8  lo^e  uiueh  of  their  splendour  by  being  so  treated.  ] 
In  order  to  aiicertain  whether  an  elytron  will  be  improved  by] 
tlie  balsam,  one  of  the  legs,  or  some  part  supplied  with  a  few] 
of  the  iride?t]!ent  scales,  should  be  touched  with  turpentine  ;  if  I 
the  hrilhancy  be  increased,  the  mounting  in  Balsam  sliotild  be  I 
adopted ;  if,  on  the  contrary,  the  colours  be  at  all  deadened,  \ 
It  should  be  mounted  dry,  either  on  a  dis^c  or  in  a  cell,  as 
described  at  page  293.     The  elytra  of  some  beetles,   after 
having  been  softened  in   caustic   potash,   nmy   be   mounted 
between  flat  glasses,  as  ordiuiuy  objects,  as  in   them    the 
firrangenient  of  the  traeheie,  the  pits,  and  elevations  on  the 
surface,  and  the  short  spiny,  or  branched  bairs,  may  be  weB 
examined. 

Ei/es  of  Insects^  Ararhnida^  and  Crustaecfu — These  differ  in 
\QYy  many  points  from  the  same  urganjj  in  the  higher  classes 
of  aniuials,  each  eye  being  composed  of  an  aggregation  dt 
many  huudrcdt^  of  minute  hm^Q^  into  a  single  group ;  in   the 
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majonty  of  m#K>ct3  thie  lioltls  goiKJ,  but  in  spitlers  Qiwh  eye 
hjus  only  a  single  lens,  and  in  onler  to  conipt*n^ate  for  tliiB 
Becniing  want,  the  nuoil  icr  of  eyes  ia  mcreased  from  four  even 
to  twelve  m  &ame  Bpccies;  a  few  genera  of  insects  are  pro-^ 
vidcil  with  two  or  three  single  eyes  in  the  frcmt  of  their  heiids. 
The  shape  of  the  lenses  ia  always  such  as  to  admit  of  being 
adapted  to  eaeh  other  without  loss  of  space ;  the  more 
eonmion  form  is  hexagonal^  but  in  some  crustucwi  tht-y  are 
square.     The  external  form  of  the  eye  may  be  seen  in  situ 

Pin  all  insects  wlien  viewed  as  opaque  objects,  but  the  layer  of 
lenses  requires  the  aid  of  maceration  and  disseetion  to  free 
them  from  a  exjnsiderable  amount  of  pigment ;  these  may  bo 
mounted  either  dr}%  in  fluid,  or  in  balsjim ;  in  the  latter  way 
the  colk^ctiun  of  lenses,  if  requiretl  to  be  flat,  must  be  mailr  t^o 
whilst  soft,  by  pressure,  otherwise  they  are  liable  to  gpltt. 

The  subjoined  list  wtH  serve  to  jioint  out  some  of  the  moat 
etriking  specimens : — 


Ike, 

Cricket, 

Shntnp^ 

Boat-fly, 

Drai^am-tly, 

Spljirix  Hgustri, 

Biitterflj, 

DiTJiie-fly, 

Spider, 

Cieindeia, 

ilou.^e-tly, 

Stug-bectle, 

Cray-fiah, 

Lobnt^r, 

Wiiter-icorpion. 

Fttt  of  Ifisrft^  S^r. — These  may  be  examined  as  o|>aque 
objects  when  mounted  on  discs,  or  by  transmitted  liglit  wlien 
placed  in  fluid  or  in  Canada  balsam;  the  latter  method  is, 
perhaps^  on  die  wbole»  the  most  satisfactory.  Kemarkable 
examples  of  adaptation  of  structure  to  particular  purposes 
will  be  found  in  the  following  list: — 


Blow-fly, 

Asitufl, 

D  tfininnd  -  beetle, 

UouM^fly, 

Bee, 

Dyticus  tnarginjilis,  malo, 

Droiie«%t 

Wmpv 

AeiUufl  sulcatu«,  maU^ 

Saw-fly, 

Spider, 

Chiysis  ignitii. 

llatn  of  ImecUf  §*r. — These  may  be  mounted  either  in 
fluid  or  in  tlie  dry  way;  in  some  spiders  the  hairs  are  branched; 
in  the  hirvte  of  many  insects  they  are  coverctl  with  opines,  and 
in  the  Crustacea  tliey  arc  provided  either  with  spincB,  or  are 
plumed  very  like  a  feather;   some  of  tlie  moflt  interesting 
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specimens  of  the  latter  klod  wLU  be  found  upon  the  bodj  ami 
lege  of  all  the  crab  tribe ;  but  upon  the  flabella  or  swee|ttog 
organs,  whk'h  are  situated  within  the  branohin.1  chamber,  ihe 
^hiurs  present  the  greatest  number  of  lieculiarities ;  thejare 
mostly  sciinetar  shaped,  and  provided  witli  teeth-like  pro- 
jections from  the  convex  &ide,  for  tlie  purpose  of  deparatuig  tlie 
lamiiiit*  of  tlie  branchim  one  from  the  other,  iu  order  to  admit 
water  between  theiu.*  The  remarkable  structure  exlnbital 
in  the  minute  hairs  oi*  the  larva  of  the  Demiestes  is  shown  at 
C,  fig.  1,  2,  3,  in  plate  5 ;  tliis,  in  the  early  days  of  achromatic 
nricroscopes,  wjis  considered  as  a  "  test  object,"  and  on  tliis 
accoimt  has  been  retained  and  accurately  represented.  The 
most  interesting  specimens  ai^e  mentioned  in  the  subjoinfd 
list: — 


Actlius  sulcatum, 

Bee, 

Crabt  cbwi*, 

flabeUa, 

Crab  (small  edible), 
flabelia. 


Donnest^!8  lanra, 

Diamond  beetle,  leg, 
(Miat,  wing, 
Ilen'ulesi  beetle, 
Larva,  Tiger- uiotli, 
^Tussoek-molh, 


lrobsier«  flAhelK 

t4iil, 

Seji-nioijfte, 
Sliritnp, 
S|»idcr, 
Stag-beetlu 


Parts  about  the  Mouth  of  Insects ^  §y%— Some  of  these,  such 
as  the  jaws  of  beetles  and  spiders,  and  the  probo^ce^  of  dic 

Cureulionida%  retpiire  little  or  no  preparation,  and  niav  be 
mounted  on  discs  and  examined  as  opaque  objects,  whildt^J 
others,  such  as  the  probosces  and  lancets  of  flies  and  bees,  wilt^H 
demand  no  small  amount  of  skSU,  in  order  to  display  them  to 
the  best  advantage ;  wlien  thin  and  transparent,  they  should 
be  moimted  iu  fluid,  but  in  balsam  wheu  they  are  thick  and 
opaque.  Previous  to  being  mounted  in  the  latter  way,  all 
specimens  of  the  proboscis  or  lancets  should  be  dissected 
wliilst  soft,  and  then  laid  out  in  a  proper  fvosition  upon  a  slide 
to  dry ;  as  those  that  are  taken  fix>m  recent  insects  and  placed 
in  balsam  immediately,  generally  make  it  appear  milky,  TIk 
Ust  given  below  will  contain  the  names  of  some  of  the  mosi 
important  varieties : — 


•  Vide  a  paper  by  tbc  autlior,  "  Oa  the  Stranture  and  Use  of 
Fliilx^lJa,"  in  Vni  il  of  the  Traniac4i(ma  of  the  MicroBCopieal  Society* 
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Ant, 

Cricket, 

Fk^boicb-Btttt^rHx^ 

Attilus-lljTf 

Einpb-dy, 

RkiQgim 

BetN 

Flea, 

Buw-flj, 

Bltiw-flj, 

(tiiat, 

StM  rjiiott-flyt 

U^3i^t-fly, 

Hornet, 

Spiiler, 

Bug, 

House-fly, 

Talwuius, 

Chmiieleon 

•Hy, 

Ixodes, 

Tick, 

Ciciida, 

Proboscb-Moth, 

Wa.Hp. 

Parasitic  Insectjt. — ^These,  when  caught,  shoold  he  placed  iii 
8[>irit  and  water,  in  order  to  kill  tliem ;  those  that  are  veiy 
traiijipareiit  may  be  mounted  in  liuidj  the  glycerine  or 
Goiidhy^s  solution  will  an.^wer  well;  some  persons,  however, 
prefer  eastor-oil  for  the  same  purpose.  If  the  epcciniens  be 
very  opaque,  tliey  omy  be  dried  and  mounted  in  Caniulii 
bdsam ;  some  of  the  large  kinds,  such  a?  the  variouB  epecies 
of  Ixodes,  with  peculiar  instnuueots  for  Jidhering  to  the  skin, 
may  be  mounted  on  discs,  and  examined  as  oiwtqye  ohjecta. 
The  term  Kplzmi  has  been  applied  to  this  ela^a  of  insecta,  in 
con*e€|uence  of  their  being  found  on  llie  exterior  of  animals, 
and  in  contnuli^tinction  to  thofte  occurring  witliin,  which  are 
called  Entozmi.  The  species  of  the  former  are  exceedingly 
numerous,  and  but  few  liitherto  have  been  described,  scarcely 
any  animal  of  the  higher  classes  is  free  from  them  during 
Bome  part  or  other  of  ita  existence.  The  subjoined  list  coidd 
be  carried  on  almost  ad  itifinihtm,  but  it  has  been  deemed 
necessary  only  to  include  in  it  such  !*j>eciineDS  as  exhibit  sc»mc 
interesting  points  of  structure.  Those  wlio  would  wish  to  see 
figures  and  descriptions  of  a  great  number  of  species,  should 
consult  the  Anoplnronun  of  Mr,  Denny,  a  work  devoted 
especially  to  the  subject.*  Some  of  the  imnisites  are  claimed 
by  the  entomoltTgist  as  belonging  to  the  class  Imvcta^  which 
includes  all  that  have  six  legs,  whilst  othei's,  having  eight,  and 
commonly  tenued  Acariy  are  included  in  another  cla^  termed 
Arachnida,  In  the  present  case  such  a  distinction  is  not  necea- 
saiy  J  they  w  ill,  therefore,  all  be  termed  Parasites  or  Epizoa, 
and  placed  in  alphabetical  order: — 


*  Momigmpkia  Amphnmtm  BrUmnmm^  by  tL  Denny,    Lotidnti,  1 843. 


H7  «■» 

3 


Some  ven'  mtimts  oMeeUt  ti^rmed 
Ml  nMMt  plaiiU*  the  leiaT^  of  wludi  iJbey  ^leedEIj  mjo^  tti 
dorlmf ;  otliefi  sgain,  to  vUcb  tbe  t£nm  O^mipt  ban 
MHgSMd^  ftre  the  cmue  of  eertaiii  exereeoeaoes  oo  die 
of  pbotfi  j&ad  tree«  tifmod  gsIK  Tbe  weQ  known  %mkr 
w  pmiluccd  liy  ao  ttinecrt  teniied  the  CVnii^  qoenn^  a 
exr|tiiatt4i  otjject  when  ejumiinetl  by  reflceted  i^fat ;  the  Ane 
wim  may  Ih^  add  of  the  imiect  from  the  gsQ  of  the  roat^  H 
order  to  collect  the  Cyiupi  fniiii  th^e  gtmctixre%  tbej  dbooU 
he  gatfacifi'd  whcD  ripe,  and  placed  in  a  box  covered  mlk 
pose;  in  a  few  ilaye  or  weeks  nitniber^  of  ioii^^ts  win  esmf^ 
from  tlie  gall ;  fruin  a  dngle  oak^pple  btmdreds  iiave  hem 
latUVti  to  tnaki!  tlieir  api>eAiaDce,  and,  peihape,  only  one  in 
every  wix  wiJJ  eithibit  beatitiliil  colouns,  the  others  beiig 
black  ^  tli««c  may  be  rejc^cted,  an  they  exhibit  no  remarkable 
■tniettm^  Tlie  coloured  fiiea  from  galls  of  the  followii^ 
tram  njay  bcs  prociirt^d  very  readily,  and  arc  amongst  the  meet 
beautiful  of  tlicir  kind : — 


Cynipfl  of  the  ash, 

oak, 

rose, 

nycamore, 


Aphis  of  the  geranium, 

hop, 

potato. 


rose. 


Another  tribe  of  minute  insects  is  known  by  tlie  name  of 
Acari ;  of  tliese  the  cheese-mite,  with  its  eight  legs,  is  the 
most  familiar  example ;  generally  speaking,  these  burrow  into 
the  soft  parts,  and  are  only  occasionally  found  on  the  surface; 
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one  s[)ccic3  is  found  peculiar  to  the  human  mibject,  and 
others  to  particular  aniuials.  With  the  Aca^ri  may  be  noticed 
auotlier  parasite  occurrinfr  m  tlic  aebaceoug  follicles,  tliat  in 
man  boing  called  the  Entozoon  folUcidorum.  The  fiuhj*jined 
list  will  give  the  name«  of  a  few  specimens  of  both  kinds ; — 


AcATUs  autumniLlis  (ti Arrest-bug)  ^ 

domestifus  (l■^H?€l^^-mite), 

•^—  scabiei  {itcii-iiisct*t)» 


Entoxoon  foUicaionmi  (Hog), 

(horse), 

(man). 


Mcthml  of  ditainhiff  (lie  Acanu  Hcnhki  or  Itrh^mect^ 
Many  persons  ha\dng  so  often  failed  in  procimng  the  Acari 
from  the  tlij^ease  called  ifrA,  and  those  from  the  little  black 
spots  about  the  face,  termed  acne,  have  been  led  to  doubt  the 
existence  of  these  minute  creatures;  on  this  accoimt  it  lias 
been  deemed  oeeessary  to  give  a  few  hints  how  they  may  be 
best  obtained.  In  the  case  of  the  itch -insect,  Aearus  scabici, 
the  openitor  must  exjmiine  carefully  the  parts  surrounding 
each  pustule,  and  he  will  generally  find  in  the  early  stage  of 
the  disease  a  red  ei>ot  or  line  communieating  with  it;  this 
part,  and  not  the  pustule,  must  be  probed,  as  it  were,  with  tt 
pointed  instrument,  and  the  insect,  if  pre^nt,  turned  out  of 
its  lurking  place ;  the  operator  must  not  be  disappointed  by 
repeated  failures,  as,  in  the  best  marked  cases,  it  is  often 
difficult  to  detect  its  haunts ;  when  found,  the  creature  may 
he  mounted  in  some  of  the  preservative  fluids^  the  glycerine, 
I>erhaps,  will  answer  tlie  best. 

To  obtain  the  Entazoon  foUiculorum^  it  is  necessary  to 
choose  some  ^mt  where  the  sebaceous  follicles  are  very 
abundant — the  forehead,  the  nose,  and  the  angles  between  the 
nose  and  lips,  l»eing  the  regions  that  ebould  be  selected ;  if  a  j>art 
where  a  little  black  spot  or  a  pusnde  is  seen,  be  squee/^e^J 
rather  hard,  the  sebaceous  or  oily  matter  accumulated  unna- 
turally will  be  forcetl  out;  if  this  he  laid  on  a  slide,  and  a 
small  quantity  of  oil  be  ailded  to  it,  so  as  to  separate  the 
harder  portions,  the  msects,  in  all  pmbability,  will  be  Hoated 
out ;  after  the  aildition  of  more  oil,  they  may  be  taken  away 
from  tlie  sebaceous  matter  by  means  of  a  6ne-pointed  sablr 
pencil-brushy  an<l  tninsfrrred  to  u  clean  slide,  where  tliey  may 
25 
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be  coYcred  over  with  thin  glass,  and  mounted  in  the  vmi 
manner.  The  Entozoaare  more  abundant  in  the  ekinofsooi 
persons  than  of  others,  but  there  ib  rarely  an  instance  whew 
many  black  spots  arc  seen  about  the  face  or  forehead  hm 
wliich  they  may  not  be  obtained  after  a  careful  aefurck 

Another  epecics  of  Acarue,  termed  tlie  A*  autmmm&h^ 
harvest-bug,  k  very  common  in  the  autumn;  theee  insecii 
crawl  on  the  i?kin,  and  insinuate  themsclvea  into  it  at  tk 
roots  of  tlie  hairs,  where  tliey  oecaaion  a  very  jminfii 
irritation ;  if  these  parts  be  examined,  a  number  of  minnk 
red  spots  will  be  seen,  from  each  of  which  a  reddish  acam* 
of  small  size  may  !>e  cHslotlged  by  means  of  a  needle  or  otbef 
sharjv-pointcd  insti-umcnt;  this  can  be  best  seen  in  fluid,  but 
the  Btructure  of  tlie  darker  kinds  may  even  be  satis&ctonly 
made  out  when  mounted  in  Canatla  balsjxm. 

Another  Acarus,  and  one  which  l"or  very  many  vears  hae 
been  tlie  great  source  of  delight  to  young  observcra,  is  the 
A*  dmnrsticfts^  or  cheese  mite,  this  may  be  well  shown 
cither  as  an  opaque  or  a  tmnsparent  object;  as  mites  can  bo  so 
reathly  met  with  alive,  it  is  hardly  necessary  to  mount  ft 
specimen  as  an  object;  if,  however,  such  be  required,  the 
glycerine  w^ill  be  t\>und  the  best  fluid  for  the  purpose. 

Scales  of  Insects.— ThesQ  minute  bo(Ues,  familiarly  known 
as  down,  wa^rc  first  discovered  and  described  by  Leeuwenhoek; 
in  more  modern  times,  tlie  11  nee  on  their  surfaces  have  served 
as  objects  for  testing  the  defining  powers  of  single  lenses, 
doiiblcte?,  and  achromatic  combirations.  The  scales  haviDff 
the  greatest  number  of  lines  in  a  given  space,  and,  therefore  the 
most  ditficidt  to  define,  are  accurately  represented  in  plat^ 
6  and  7,  and  a  full  description  of  the  same  will  be  found  under 
the  head  of  test  objects.  In  order  to  examine  theni  to  the 
greatest  advantage,  they  should  be  mounted  in  the  dry  wav 
after  the  plans  described  at  page  287,  and  exliibited  by  figs 
192-3;  the  scales  arc  readily  removed  fix)m  the  \vm<^  by 
merely  pressing  the  latter  very  gently  upon  an  ordinary  slide 
or  upon  a  piece  of  tliin  glass,  to  which  they  will  adhere  firmly; 
they  may  then  be  covered  up  and  cenieiited  in  tlie  manner 
previously  described  for  ilry  objects,  or  as  shown  by  figa,  192*3. 
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Tho  Bcales  from  the  wings  liiid  bodies  of  the  following 
insectij  will  exhibit  niany  varietiea  of  umrkinga,  all  of  which 
inay  Ikj  employed  as  tfsis: — 


Alucita  hc:iadjictylfl, 
Curctilio  impcrialii^ 
Gimt, 

Ilipfwrchift  janira, 
L«»iocampa  t|uercus, 
LejHunjb  sacckiiriiifl, 
Mnq)bo  MeoelAtis, 
PupHio  Porii, 


Pod  lira  plumbeoi, 
Poljommatus  Anon, 

Acu, 

^Adoniis 

Alexiir 

ArgtiA, 

Argioliw, 

TineA  vestiiindlii* 


Spiratleg  and  TraehetB  of  Insects, — The  metliod  of  preparing 
the  tzttchoie  and  spiracles  of  insecta  faaa  already  been  de^ribed 
at  pages  830-1-2 ;  they  may  be  examined  in  situ  in  many  of 
the  parasitic  insects,  in  others  the  aid  of  dissection  is  neoes- 
eary  for  their  due  di^playp  It  must  be  home  in  miud>  that  if 
they  he  iiioiuited  in  balwim  they  show  beet  when  full  of  ain 
The  following  lana?  and  perfect  insccta  will  exliibit  the 
inichea?  and  epiraclee  in  a  very  beautiful  manner ; — 


Spimdes, 

Bee, 
Blaw-tlT, 

Centipede, 
CVjcki^Liifer, 

Larva  of  blow-dj* 
Wasip, 


Blow-fly, 
Centipede, 
Cluuticlecm*fly« 
Larra  of  cockchafer, 

dyticuB, 

goat*motli, 

■ silkworm. 


SHngjt, — All  the  apparatus  by  which  the  poisonous  matter 
ta  aeoreted,  and  the  ducts  by  wlueh  it  is  conveyed  to  the  sting, 
aa  well  aa  the  sting  itself,  are  best  ehown  in  tluid  \  but  as  the 
diaaection  of  the«?  delicate  parts  require**  such  considerable 
care,  the  plan  of  dry^ing,  and  then  mounting  them  in  balsam, 
is  more  commonly  practised;  the  subjoined  list  will  point  out 
tiie  lx:st  insects  for  the  purpoee : — 
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Stofttaeks, — In  some  meects,  6acfa  as  tlie  bee,  the  mmfia- 
tionfl  and  anastomoses  of  delicate  trachese  may  be  shown  ujioa 
the  thin  waJls  of  this  viscus ;  in  otliers,  the  gh]iiiduLir  stm?' 
tore  of  the  organ  b  well  eeen,  whilst,  in  a  few,  the  tritunktiog 
apparatnBy  or  gizzard^  situated  at  that  part  of  the  jimctiaD  of 
the  stomach  with  the  intestme,  called  the  pylorus,  may  be 
well  exhibited.  The  insects  named  below  will  show  ill 
these  parts  to  advantage,  and  are,  therefore,  the  best  fix 
dissection : — 


Bee, 

Blow-fly, 
Cockroach, 


Cricket  (common), 
Mole-cricket, 
Dyticu5  mai^malius 


StAphjlimii^ 
Stj^-beetle^ 
Wasp. 


Besides  the  parts  of  insects  just  given  in  the  clashed  listi, 
there  are  other  important  organs  that  require  a  sepainte 
mentioDj  such  as  the  ovipositors  of  various  flies,  the  spinnerets 
of  spiders,  tlic  jaws  of  the  locust,  and  otlier  orthoptera, 
together  with  many  remarkable  structures  that  will  fall  in 
the  way  of  the  minute  dissector.  The  insects  in  which  the 
ovipositor  can  be  well  seen  will  be  here  enumerated,  as  well 
as  some  other  parts  of  the  same  interesting  class  of  ^fitm^js 
that  wiU  amply  repay  a  careful  examination  and  dissection:— 


Ovipoaitor  of  Cicadu, 

—  Cyni|>»  querela, 

drone-fly, 

field-cricked 

-    — IchneumoD, 

saw-fly^ 

Spianerei  of  ^ider, 


Web  of  Clabiona  atrox. 
Jaw  of  locust, 
house-cricket, 

— ^ mantis. 

Drum  of  cicada. 
File  of  cricket, 
^— —  grasshopper* 


PREPABATI0N8  FROM  THE  HIOHEH  ANIMALS, 

Blood^^ — To  examine  this  \^tal  fluid,  it  is  necessary  to  pi 
upon  a  glass  slide   a  small   drop   recently  taken   from  the 

*  Those  who  may  wish  to  learn  the  compariitive  sizes  of  the  blood 
corpuscles  in  the  vertebrate  animjils»  should  consult  the  valuable  table  of 
Ml',  Gulliver,  publishe"!  in  the  CLII.  Number  of  the  ProceediHi^n  of  ike 
Z<Hilogiml  Sncitftf. 
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latiimul;  a  cover  of  mica,  ur  of  the  thiimest  glass^  should  bti 
[laid  over  tlie  drop,  whieli  is  tlien  rcatly  to  be  viewetl  with  tlic 
U^iest  powerg.  If  it  be  requii%d  to  reserve  a  spccimeii  for 
fiiture  examinntiony  a  very  eimdl  quantity  should  be  sjiread  in 
the  thinnest  pois^ible  layer  ujkhi  a  gliuk;!  slide ;  this  hist  is  ttten 
to  be  i>as8ed  rapidly  back  wank  and  forwards  tlirough  the  air, 
BO  aa  to  dry  the  blood  as  quickly  aa  possible^  when  the  ilii^es 
'or  corpuscles  will  be  found  to  have  altered  but  little  iu  shajie ; 
in  onkr  to  prevent  the  prej>amtion  from  being  injured,  or 
even  nibbed  oft',  a  eover  of  the  finest  glass  should  be  laid  over 
it,  and  cenientetl  down  in  the  manner  described  at  page  285  ; 
a  si>ecimeu  so  mounted  may  Ije  kept  foryearai  The  following 
vertebrate  aniiiiale  will  exhibit  the  ni0f>t  marked  pee uliori ties, 
the  corpiiscleB  being  largest  in  reptiles  and  iiahcs,  and  smaUest 
iu  birds  and  manmials  : — 


Fishes. 

RefAiies. 

Mimmab. 

Ed, 

Crocodile, 

CvmK 

Perch, 

Frog, 

DromofUry, 

Sftluum, 

Greeo  lixttnl. 

Elephant, 

Skate, 

Newt, 

Gout, 

Siren, 

Iletlgehog, 

Birth, 

Slow -worm, 

M;yi, 

Cnmmon  fowl, 

Snake, 

Mouse, 

Goose, 

Toad, 

Napu  muak-decr, 

Ostrich, 

Tortoise. 

Sheep, 

SwaUow. 

Turtle. 

SJotli  (two-loed). 

Bojie, — The  structure  of  the  ofiseous  skeleton  of  aiiimalB 
ean  only  be  eatisfaetorily  examined  by  thin  seetions,  made  in 
difterent  dircetions,  and  ground  down,  polished,  and  mounted, 
according  to  the  directioni*  given  at  page  297 ;  if,  however,  It 
be  merely  required  to  view  the  §hape  of  the  bone  cells  in 
fossil  bones,  small  thin  chipping?,  mounted  In  baltsuni,  will 
sullice.  In  order  to  obtain  a  good  general  idea  of  the  struc- 
ture of  bone  in  tlie  vertelimtc  classes,  specimens,  cut  hori- 
zon tally  and  vertically,  should  be  obtained  from  the  following 
animals : — 


Lepidoeteus, 

1 

Rfty  (spine). 
Shark  (vertebra), 
SiluruB  (gpine). 
Sturgeon, 

Sw«>rd-fish  (flwonl). 
Turbo t^  apme. 

Albatross, 
CcimtMon  fowl^ 
Ostrich,  fiduttf 

young, 

PetigTiin, 
Swallow. 


Bat, 

CameU 
Elepbant, 
Horse, 

iluxnan^  at! nil, 
fetal. 


Lion, 
Mouse, 
Ox, 
RbinocercME^ 

Whale. 


Specimens  may  be  taken  from  the  crania  of  small  ai 
BO  thin,  that  they  will  require  no  grinding  at  aD ;  these  may 
either  be  mounted  dry^  or  in  fluid;  even  in  lai^er  animals 
portions  of  tlie  ethmoid  hone  will  often  require  no  prepai»- 
tionj  being  sufficiently  transparent  for  all  purposes  of  exami* 
nation. 

Besides  the  above  described  Bpecimens  of  recent  bonee, 
there  are  others  found  in  the  fossil  state  that,  when  cut  and 
polit^hed,  will  exliibit  their  intimate  structure  as  well  as  the 
fresh  Bpecimens;  they  are  generally  prepared  in  the  same 
manner  m  the  fossil  woods  before  noticed ;  others,  when  very 
opaque,  may  be  entirely  mounted  in  bakam.  The  subjoined 
list  will  afibrd  the  names  of  a  few  animals  in  which  the  moe^t 
intercBting  structures  may  be  found:— 


Bear, 

Ictbyosaurus, 

Flesiosaunia,     1 

DinomiB, 

I^uanodoii^ 

PtcrodactyJc, 

Elk, 

Miuuinotb, 

Rhinoeeros, 

Hipp«>potamaB, 

Mastodon, 

Wiale— rib. 

Hvsena, 

Man, 

ejir-bonr». 
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Teeth. — Like  bone,  tbc^^e  rcquu:x3  to  be  matlc  tbin  iiuil 
pobi?bod,  in  the  manner  described  at  page  301  ;  but  the 
operation  is  very  difficidt,  as  the  majority  oi  teeth  are  6Ui>- 
plicd  with  a  coating  of  enamel  of  flinty  hardness.  As  there 
are  three  dL^tinct  elements,  viz.,  the  cement,  the  ivory,  and 
the  enamel  entering  into  the  fonnation  of  most  teeth,  it  will 
be  necessary  timt  the  sections  be  made  in  many  dircctionB,  in 
onler  to  amve  at  a  true  knowledge  of  the  formation  of  each. 
In  the  following  hst  will  be  given  tlie  names  of  a  few  of  the 
animals  whose  teeth  cxliibit  some  well  marked  points  of 
structure : — 


FUku. 

IUpiik9. 

Dugong, 

Cttt-lbh, 

Alligator, 

Elephant, 

Co.i-fi=ih, 

Boo, 

Fox, 

Cungcr-ecl, 

Cmcodili*, 

Horwe, 

CoiimioM  eel, 

Igxumn. 

lluaian,  adult 

Hall  1  lilt. 

fa-till, 

Li'|iiiJiitik*u^ 

Mammith, 

H^^scnii, 

MylioljHti-s, 

Annadilk), 

Kangaroo, 

Purrot-fish, 

Am^ 

Lion, 

Pike, 

Bciir, 

Mou^e, 

Pike-Biirracuda, 

Beaver, 

Ox, 

Slmrk,  Carchanas, 

Boar, 

Rat, 

I  ^.... 

Cat, 

Sheep, 

iJuQUaSf 

SAw-fi^h, 

Deer, 

Tiger, 

Wolf.fiali. 

Dog, 

Whale. 

Fossil  Teeth, — Tliese,  like  the  fossil  woods  and  bonea  before 
naniedj  may  be  mounted  on  slides,  with  or  wit! tout  being 
covered  with  Canada  babam ;  many  of  them,  however,  diftcr 
Imt  tittle  from  the  recent  epecmiens,  but  those  of  extinct  races 
of  animala  exliibit  some  very  remarkable  peculiarities,  and 
hhoidd,  in  all  cases,  be  carefully  examined,  as  from  the  struc- 
ture of  a  tooth  alone,  tlie  class  of  an  animal  has  more  than 
once  been  determined*  Those  who  would  wish  to  enter 
luinutely  into  the  examinution  of  recent  and  fosail  teeth, 
should  conj^ult  the  admimble  Odontoffraphi/  of  Professor 
Owen.  A  few  interesting  speeimcnj^  of  the  teeth  of  different 
aninialB  lure  here  euumenited : — 
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Bear, 

DendrcKlns, 
lljscna, 


Icthvosaurus, 

Lubyrinthodonf 

Mmttodon, 


Mjliobates, 

Flesiotiaum^ 

Skiirk  (mauj  gpeoe»)« 


Sht'lL^^ThQ  stnictiire  of  shell  ha^  only  lately  attracted  the 
iittention  of  micro^scoplsts,  but  ^ince  the  year  1842  the  subject 
has  been  scientifiially  inveBtigatcd  by  Sir.  Bowerbank  and 
Dr.  Carpenter  i  to  the  latter  gentleman,  more  es{K*cially,  we 
are  indebted  for  sevend  valuable  fmperiS  in  the  TraiiHactions  of 
tlie  British  Association^  to  whjeb  the  author  would  beg  to  refer 
those  who  may  wish  to  enter  fully  into  the  subject.  The 
nicth€»tl  of  prejiaring  these  interesting  structures  for  exaixiinm- 
tion  has  alremly  been  detailed  at  page  302,  it  now  only  remains 
to  give  a  list  of  the  genera  and  species  that  should  be  selected, 
in  order  to  exhibit  the  prmeipal  peculiarities  in  structuret  m 
described  by  Dr.  Carpenter ;  the^  fire  as  follow : — 


Anatiiia  oleii, 

Anomia  epliippiunif 

Aviealtt  niargiiritucfa, 

Etheria, 

GerviUia, 

Haliotifi  s>plctiden9, 

Hippurite, 


Lima  scabra, 
Lin|ru1ii  rimititiiLi 
^fiiIk*U5  uJbus, 
My  ft  ai'cfiiiria, 
Ostrea  cdulis, 
Ferrm  cphippiuiu, 
Finn  a  aquamosa, 


Hnna  inAntin, 
Pinna  nigrina, 
Pitma,  fibrt?*  ofj 
rit!  un>rbynclitts, 
Tercbrjitula, 
TrigotLitt, 
Unio  ocoidejis. 


Besides  the  8tructiu*c  of  the  shells  of  the  molluscous  «*»*!ntilff 
before  enumerated,  there  are  otlicrs  belonging  to  the  clnaaen 
of  Eehinodemiata,  Crustacea,  and  Cephalopoda,  tliat  require  m 
separate  mention;  thin  sections  of  these,  in  ditterent  directioos, 
are  prepared  in  the  same  manner  as  those  of  sliell,  which  tliey 
have  been  said  somewhat  to  resemble  in  their  mloute  etruo 
tural  arrangements.  The  moat  interesting  varieties  arc  men- 
tioned in  the  following  liat  i- — 


Belemnite, 
Ctdarits  spine, 
Crab,  reil  part, 
-        black  part, 
Cray-fiah, 


Cttttle-bone, 
Ek^blnus,  Bpinc, 

flhell 

Encrinite, 
Lobster, 


Shrimp, 

SjiAtangni^ 

Star-fish. 


The  structure  of  the  spines  of  the  Cidaris,  and  many  other 
Kpecies  of  Echinus,  are  some  of  the  most  beautiftil  objeet» 
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tliat  have  yet  liccn  cxhibite<l  hy  the  mitTos^Mnpe ;  tbey  are  en 
very  lirittle,  that  the  greatest  euro  L?  required  in  g^Dtling 
them  down ;  the  method  deseribcd  in  page  303  for  delicate 
epeeimcnj?  of  bone  and  teeth,  should  be  the  one  adopted ;  and 
to  prescFTe  them  from  injury,  and  at  the  same  time  to  ilisplay 
all  the  peculiaritio^  in  their  ai-rangemcnt,  they  should  be 
mounted  in  Canada  balsam;  some  of  the  very  minute  eohmred 
epines  from  ^mall  speeies  of  Echini  are  interesting  &»d)ject8  for 
examination  when  laid  flat  in  balsam,  without  any  previous 
prcimnition.  Transverse  sections  arc  the  bc!*t  for  cxhilnting 
tlie  eelhilar  armngement;  the  longitudinal  do  not  show  much 
more  by  the  microseoiie  than  can  bo  seen  by  the  naked  eye< 

In  all  the  shell  stnietiUTS,  in  order  to  understand  the 
arrangement  of  the  animal  matter,  one  or  more  sections  in  each 
direction  should  be  subjected  to  the  decalcifying  process,  as 
described  in  page  303^  the  aeid  employed  being  the  hydro- 
cldoric,  tUIuted  with  forty  times  its  bulk  of  water. 

Scales  of  FUK — These  dermal  appendages  may  be  divided 
into  two  classes  j  first,  into  those  that  are  made  up  of  a  homy 
material,  such  as  in  the  salmon  and  earj) ;  and,  secondly,  into 
those  who«e  structure  is  true  bone*  The  scales  of  the  majority 
of  fishes  belong  to  the  first  class,  but  very  few  species  now 
remain  of  tlie  second  class,  almost  all  are  extinct ;  the  Lepi- 
dosteus,  or  Bony -pike,  of  North  -^Vnicric^,  the  Sturgeon,  and 
Paddlc-fieh,  being  the  most  famOiar  examples.  A  knowledge 
of  the  form  and  structure  of  scales,  like  that  of  teeth,  has,  by 
the  labours  of  M.  Agassiz,  been  shown  to  afford  an  unerring 
indication  of  the  particular  cla^js  to  which  any  fish  may  belong; 
in  fossil  fish,  the  application  of  tliis  principle  has  been  attended 
with  extraordinar)^  residts^  By  Agassiz,  the  saUes  have  been 
di\dded  into  four  ortlers,  named  Placoidf  Ganoid,  CUntml^  and 
Ci/chki ;  in  tlic  first  two,  the  scales  are  more  or  less  coated 
with  enamel ,  whilst  in  the  others  they  arc  of  a  homy  nature* 
To  the  Pliujoid  onler  belong  the  cartilaginous  fishes,  whose 
ekins  are  cither  entirely  or  partially  covered  with  small  |»riekly 
or  flattened  spines^  as  in  the  skates,  dog-fish,  and  sharks.  Of 
the  Ganoid  order,  once  the  most  numerous,  only  a  few  living 
representatives,   soch  aa  the    LepidosteuB,   Polyptcnis,  and 
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Stui^eon  remain^  the  others  are  found  in  the  foesal  slate  alooe : 
their  scales  present  a  true  bony  structure*     The  Ctenoid  icilei 
are  notched  like  the  te^th  of  a  oomb  on  their  poeteiior  iff 
attached  borders,  the  perch  and  basse  are  excellent  ^^g^wifW 
whilst  to  the  Cycloid  belong  those  fish  whose  scales  are  mart 
or  le^8  laminated  and  circidar,  the  majority  of  our  ecEUe  Ub^ 
such  as  the  carp^  roach,  Btdmon,  herring,  &e«»  affiord  fiuub 
illustrations  of  tliis  order.    The  method  of  mounting  soda  d 
various  kinds  for  microscopic  examination^  is  generally  in  tbe 
dry  way,  eitlicr  on  discs  or  between  glaasea^  the  former  metiioi 
is  the  best  for  those  to  be  viewed  as  opaque  objects^  the  latur 
as  transparent  ones.     Their  structure,  how*ever,  ie  heet  eeen 
in  fluid,  when  many  of  them  will  form  splendid  objects  fa 
polarijsed  light,  for  tliia  purixj^e  they  may  even  be  mounted  in 
balsam.     Fragments  of  fossil  scales  of  fish  are  best  prepared 
in  the  latter  way ;  these  may  generally   be    obtained  Stem 
nodules  of  flint,  found  in  particular  localities.      Aooofdi]:^  to 
the  author  of  the  work  entitled  Micrft^capic  Obfeci*^  **  those 
from  the  gravel  drifts  at  Gillingham,  in  Surrey,  and  the  flint 
nodules  in  the   chalk  between   Gravesend   and    Rochester," 
eeldoni  fail,  when  broken  into  flat  pieces^  to  yield  an  abundant 
supply,     A  few  of  the  most  striking  exainplee   of  the  four 
oi\ler^  uill  be  foxmd  in  the  subjoined  list : — 


Placoid, 

Ganoid. 

Dog-fiab, 

Hiu»8iir-fisK 

Raj  Opine), 

LepifioRteusi, 

(tibii|rreen), 

Poljpterus, 

Shark,  SiinaJus  galeus. 

Sturgeon. 

Ilummor-Iieadctl, 

Port  JiK'ksoiK 

Cydmd. 

Blentiy, 

Ctenaid. 

Carp, 

Basse, 

Conger*eel, 

Perch, 

Eel,  common, 

Pike— Barracuda, 

Herri  Qg, 

Vope, 

Roach, 

Weaver-fish, 

Salmoa. 

The  Wales?  of  the  eel  trilje  are  amongst  the  moet  remarkable 
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bat  can  be  eelectetl   for  microscopic    examination;    many 
ooneidcr  that  these  fish  are  without  s^cales*,  in  c^nsc- 

|uence  of  their  being  firmly  imbedtlecl  in  a  tWek  epidermal 
^inuens;  in  order,  therefore,  to  prm'ure  them,  a  sharp  knife 
must  be  paseeil  underneath  the  epidermal  layer,  and  a  iK>rtion 
of  tins  rai^d  in  the  same  manner  aa  was  deacribed  for  tearing 
off  the  cuticle  of  plants;  after  some  trials  a  few  will  be 
detached;  they  are  of  an  oval  figure,  rather  iofter  tlian 
the  Bcales  of  other  fiehes,  and  in  aomc  fiorts  of  the  skin  do  not 
form  a  continuouB  layer,  "WTien  the  skin  has  been  stripj>ed 
off,  previoufl  to  tlie  fiah  being  cooked,  the  ecalee  may  be 
obtained  irom  the  under  surface,  by  tearing  them  away  eitlicr 
with  a  knife  or  pair  of  forceps.  The  scaler?  of  the  Vivi parous 
Bleuny  am  of  a  circular  figure,  and  situated  under  the 
epidermal  layer ;  they  have  been  described  by  Mr.  yarrell  as 
nuicous  glands,  in  consequence  of  their  figure  and  the  eniall- 
ness  of  tlieir  numbers.  The  surface  of  the  akin  of  this  fish, 
when  fresh,  appears  covered  with  follicles;  if,  however,  a 
knife  be  pas&ed  underneath  one  of  these,  a  delicate  circular 
scale  will  be  removed,  A  portion  of  the  skin,  when  dried, 
will  exhil>it  the  scales  to  great  advantage,  and,  like  those  of 
tlic  eel,  they  fonn  benutiful  objects  for  polarized  light 

Hairs. — These  are  very  readily  obtained  from  all  the  higher 
animak,  their  presence  even  may  be  detected  in  tlie  whale 
tribe  when  young-  The  pmnller  kind  of  hairs  may  be  mounted 
either  dr)'  or  in  fluid  ;  when  of  a  dark  colour,  Canada  l>alsam 
is  to  be  preferred ;  to  obtain  a  satisfactory  'view  of  the  struc- 
ture of  large  hairs  and  spines,  horizontal  and  vertical  sections 
shoidd  be  made  by  the  machine  dewribcd  at  page  307.  Pre- 
vious to  being  mounted,  the  hairs  should  be  perfectJy  cleaned, 
as  more  or  less  greasy  matter  is  always  present  about  them, 
ether  should  be  employed  as  the  cleansing  fluid,  the  hairs 
being  made  dry  by  pressing  them  between  folda  of  blotting- 
paper.  Care  should  be  taken  to  select  both  the  hair  and  the 
wool  from  each  animal,  as  they  differ  materially  in  tJieir 
structure,  the  finer  kind,  or  what  is  known  as  wool,  being 
endued  with  the  property  termed  yVWw/i  which  firojicrty  varies 
in  different  ^peoieB  of  animals,  that  of  the  t^ejiver  ami  nutria 
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possessing  it  in  the  highest  degree,  AH  hairs  are  oompoid 
of  an  aggregation  of  epithelium  cells,  and  the  colour  de{)e&d» 
upon  the  quantity  of  pigment  deposited  in  or  about  each  cell: 
on  this  aceount,  some  of  the  most  delicate  have  been  used  m 
test  objects,  specimens  of  which  are  figured  in  Plate  V.,  and  i 
description  of  each  given  in  the  chapter  devoted  to  thai 
subject.  Hair  is  employed  in  most  cased  as  a  protoctin 
coating,  in  others  as  an  oi^n  of  touch,  whikt  in  a  still  fewisr 
nimiber,  when  occurring  in  the  shape  of  spines,  it  series  tie 
purpose  of  a  weapon  of  defence;  of  tliis  latter,  the  horn  of  tlic 
rhinoceros,  the  quills  of  the  porcupine,  the  spines  of  the 
Diodons^  arc  familiar  examples,  they,  like  scales  and 
fenthers,  being  modifications  of  the  dermal  skeleton.  The 
minute  structure  of  the  hairs  of  different  species  of  tlie  same 
genus  orfiimilj  is  so  constant,  that  a  practised  eye  can  readDT 
discriminate  between  tliem;  several  valuable  p«ipers  on  thii 
subject  have  been  published  by  Mr.  Busk,  in  Vols^  L  and  II 
of  TJte  Microscopic  JournaL  A  list  of  many  remarkable  haiw 
of  insects  and  Crustacea  has  already  been  given  at  jxi£^e 
Tlie  following  animals  will  exhibit  the  most  charactc 
specimens  tliat  may  be  obtained  from  the  vertebrate  classes:—- 


Ant-eater, 

Human, 

Orn  ithorhynchus. 

Bflt  (various  species), 

(Ibtd), 

Otter, 

But,  Indijin, 

—  (T.S.), 

Porcupine  (quillX 

BeEiver, 

Mule, 

Rabbit, 

Donnoime, 

Mou5K»,  commorj. 

Reia-deer, 

Ecbltliia, 

Mouse,  shi'ew, 

Seal, 

Elephant  (T.S.), 

Mttassc,  white, 

Squirrel, 

Elk, 

Musk-deer, 

Tiger  (whijOcer), 

nitre, 

Nutria, 

Wfllms  (wlmkcr,), 

Hedgehog  (spine 

of). 

Ojiossum, 

Water-rat, 

In  addition  to  the  cuticular  appendages  above  noticed,  there 
are  others  that,  although  not  strictly  belonging  to  the  eeriea 
of  hairs,  are,  nevertheless,  composed  like  them  of  a  liomv 
material;  in  this  list  may  be  included  the  various  kind^  of 
horns,  hoofe,  scales,  quills,  and  whalebone;  all  these  wiD 
require  to  be  cut  iiUo  thin  transverse  and  longitudinal  sections 
by  the  uiaeh'ine ;  the  darker  specimens  should  be  iriom>ftv,] 
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balsam,  the  transparent  ones,  dry ;  they  all  exhibit  moTQ  or 
less  of  a  cellular  structure,  and  arc  objecta  of  great  beauty 
when  examined  under  polarized  light : — 


Ham — Antelope^ 

Hoo/*— Rhinoceros 

^        Ibex, 

„       Sheep. 

,»       Ox, 

Qitt//— CuBsowiuy 

„       llhinocerosi,  Africilii« 

n         Duck, 

„       Ditto,  ImlktJ, 

M       Eugle, 

„       Sheep, 

„       Goo»e» 

IIoo/—Am, 

„       Turkey. 

««        Ciuiiel, 

Whalebone— Gri^Ai  whnlc, 

„        Elopbftiit, 

Pikod  wluJe. 

„        ilurse, 

Sealejt — Pttugol  i  n. 

„       Ox, 

„         Turtle. 

Skhu — In  order  to  understand  fully  the  partd  which  hair 
and  feathers  play  in  tlie  economy  of  vertebrate  animals,  it  is 
ncee&sary  to  become  actpuunted  witli  the  structure  termed 
jrAiVij  in  which  they  grow*  llieir  purpose,  in  tlie  majority  of 
caae^  is  evidently  protective ;  in  biitk,  however,  many  of  the 
feathers,  especially  those  of  the  wings  and  tail,  are  employed  in 
flight,  whilst  the  spines  of  the  porcupine  and  hedgehog  are 
weapons  of  defence,  and  the  whiskers  of  tlie  tiger,  cat,  and 
oUier  camivom  are  organs  of  touch,  and  as  such  are  endued 
with  both  blood-vessels  and  nerv^es^which  are  distributed  upon  a 
highly  organized  |udp,  like  that  of  the  tectli.  In  some 
animals,  such  m  fish,  the  skin  is  not  very  vascular,  whilst  in 
the  mammalia,  and,  iK?rhaps,  in  the  human  subject,  it  attains 
the  highest  state  of  organization.  The  hairs  whit'h  grow  from 
the  skin  are  develoi>ed  from  the  cuticular  layer,  and  are 
clothed  with  a  homy  epidermis;  in  tliose  skins  where  the 
senae  of  touch  is  very  acute,  the  hiura  are  absent,  tlieir  place 
being  BUpplied  by  highly  vascular  papilla;,  which,  in  some 
tnitanoes,  are  covered  witli  horny  matter,  in  Uio  shape  ot*  nails 
and  hoofs,  or  are  merely  invested  with  a  delicate  epithelial 
layer,  as  in  the  case  of  the  lips  and  moutlu  The  skin 
performs  a  ftuiction  in  tlie  animal  economy  second  only  in 
im})ortance  to  that  of  the  lungs,  and  for  the  purpono  is  supplied 
with  a  very  rich  capillary  net*work,  and  ako  provided  with 
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two  or  more  sets  of  glands,  one  for  accreting  tJie  i^rspifatorj* 

fluid*  the  other  an  unctuous  or  sebaceous  matter,  for  Itibri- 
catliig  the  skin  itself,  wliieh  last  ie  poured  out  generally  at  j 
roots  of  tlie  hairs,  hence  the  anatomy  of  the  skin  predcnis  ' 
the  microscopist  an  immense  field  for  dilifj^ent  investigat 
Taking  the  human  skin  as  an  example,  we  should  couuuei 
the   study  with  vertical  sections^   matle    through   porta  eni 
plied  both  with  hair  and  papillse ;  the  pei-spiratory  glands  i 
best  seen  iu  that  of  the  ^oles  of  the  feet  and  |3alni8  of  the ' 
hand;    the   sebaceous  glands,   on   tlie    contrar}%   should    be 
examined   in  parts  about  the  face  or  chest,  where  liairs  are 
numei^ous ;  the^e  latter  sections  will  ako  suffice  for  showiiig  i 
the  roots  of  the  hairs,  and  the  hair  follicles  as  welL      Tbe] 
cjipillary  net-work  of  the  time  skin  may  be  seen  in  injected  J 
specimens  when  the  cuticle  has  been  removed,  which  will  often 
require  the  aid  of  maceration  for  the  pur|x»se ;  if  the    ^kia 
be  that  of  a  black  man,  e^ire  should  be  tiiken  in  the  removal 
of  the  cuticle,  as  in  it  may  be  examined  the  rete  mucosum^  or 
coloured  layer,  wliich  consists  of  a  series  of  minute  hexagonal 
cells,  containiug  pigment.     The  same  stnicturc  may  bo  soen 
in  the  skins  of  animals  whoee  hairs  are  black ;  for  this  purpoee 
the  lips  of  a  bhick  kitten,  when  injected,  should  be  sclocted,  aa 
in  them  the  mode  of  grow^th  of  the  young  whiskers,   tkeir 
copious  supply  of  blood-veaeele  and  nerves,  and  various  other 
pniuts  of  interest,  may  be  observed.     In  fishes,  the  only  pftita 
of  the  skin  genemlly  prepared  as  microscopic  objects  are  Iboso 
moi-c  or  less  covered  with  scales,  hence  may  be  seen,  in  various 
lists  of  preparations,  the  skin  of  the  sole  and  shark ;  in  reptileii» 
also,  we  have  tlic  skin  of  the  snake,  boa,  and  some  li2ardfl^ 
whilst  in  birds,  except  when  injected,  the  skin  offers  but  few 
points  worthy  of  examination  besides  the  featliers.      In  man 
and  the  higher  mammalia,  the  complicated  appamtus  of  ghuida 
and  papilUe  are  best  examined  by  vertical  sectioEm;  but  in 
order  to  render  tlie  skin  suftieiently  firm  for  the  purpoee^  it 
shoultl  have  been  previously  hardened  in  a  S3ituratc<l  solution 
of  carbonate  of  potash,  or  in  strong  nitric  acid.     The  hair 
follicles  and  sebaccotis  glands  are  easily  shown,  but  to  display 
tJie  sudoriferous  glands  is  no  easy  matter,  ad  rarely  will  a 
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ppecimcn  of  ekin  J>e  ibuod  that  will  exhihit  tlnjn  and  their 
BpimI  duct  in  the  whole  of  its  course  through  the  deniial  imd 
epultTuitd  layers;  it  h  hy  far  better  to  try  the  skina  of 
a  iiumher  of  personrt,  an<l  select  the  one  that  ehowsii  theiu  tlie 
beet,  than  to  waate  time  by  cutting  a  series  of  slices  ftoni 
any  one  t^peeimcn.  The  papillse  are  be^t  sliown  in  tlie  <*xtrenii- 
ties  uf  tlie  fingere  and  toes,  when  injected;  the  cuticle  which 
invents  Uiem  should  also  be  mounted  up  as  an  object  with  its 
attiiched  or  papillary'  eurfiu'c  uppcrmoi^t,  as  in  thiH  the  grtjoves 
for  their  lo<^lgnient,  togctlier  with  the  oi>emnga  of  the  sudori- 
ferous glands,  can  be  well  seen.  The  following  list  will 
include  a  few  of  the  most  imjiortant  s{>ecimens : — 


Asa  (corn), 
Uenr  (mole  of  foot), 
Cttt  (upper  lip)> 
I>og  (upper  li|i), 
Kitten  (npi^^r  lip), 
MiiD  (sole  of  liMvt), 
-^—  (palm  of  hiind), 

(scttlp), 

(face), 


Verticai  Sfcttons, 

Mau  (axilla)i 
(Negro), 

Pig, 

(snout), 


Mau  (face), 

(%), 

(i]ps  of  finger), 

(cutideof  fingvr), 


(un^miil  pluiliinx),    0iftrk  of  finjiei*)^ 

Porpoise  (with  cutielc),  (cuticle  of  finger), 

(without  cuticle), (Negro), 

Tiger  (upper  lip).  Newt, 

(whisker  injected). (cuticle)* 


Eyes. — There  arc  many  objects  of  great  interest  that  may 
be  obtained  from  the  eyes  of  various  animals,  ee|>ec'mlly  wlien 
injected ;  amongst  these  may  be  enumenited  the  strudtiire  of 
tlie  er}*stallinc  lens,  the  pigment^  the  ciUary  processes,  the 
retina,  and  the  membrane  of  Jacob ;  hut  as  the  greater  num^ 
ber  of  sjweimens  cannot  be  well  [)re8er\'ed,  so  as  to  show  their 
chai'acteriatic  peculiarities,  the  present  list  will  only  include 
those  winch  do  not  alter  by  any  of  the  different  modes  of 
mounting.  The  structure  of  tlie  crystalline  lens  in  fish  is  best 
seen  atler  the  lens  itself  has  been  hanlened  either  by  drying, 
by  boiling,  or  by  long  maceratioD  in  spirit;  after  having 
peeled  off  the  outside,  the  more  dense  interior  will  he  found 
to  split  up  into  concentric  laminae,  and  each  lamina  will  also 
be  found  to  be  composed  of  an  aggregation  of  toothed  fibres ; 
these  are  beet  seen  when  mounted  in  fluid,  hut  if  dyed,  they 
will   show   very   well    in   balwim.      The   pigment  is   easily 
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obtmned  by  opening  a  fresh  eye  under  water,  it  may  then  be 
detached  as  a  separate  kyer,  and  portions  of  it  floated  on 
gkisses  to  dry,  nfter  which  they  may  be  mountcMl  in  bal^un. 
The  ciliary  processes  are  liest  ^een  when  injected ;  they  sliould 
be  mounted  in  a  convenient  form  of  cell,  with  fluid*  and 
viewed  as   opaque    objects,   with   a   power   from   tlurty    to 
forty  diameters.     The  retina  sliould  \jc  examined  in  a  very 
fresh  eye  between  glasses,  and  a  little  serum  or   aqtieotM 
humour  added,  to  allow  the  parts  to  he  well  dii^played :   but 
water  must  be  avoided,  as  the  nervous  matter  will  be  found  to 
be  considerably  altered  by  it;  the  membrane  of  Jacob   will 
also  require  the  same  precautions   to  be   adopted,  but   the 
vascular  layer  of  the  retina,  when  injected,  may  be  well  seen 
afler  having  been  dried.     The   following  list  will  give   the 
names  of  a  few  of  the  eyes  from  which  the  most  striking  speci- 
mens may  be  obtained : — 


Olutry  proetMU.     CrtfitaUine  Lem.        Pigment 


lUtima. 


Ct, 

Cod, 

Ed, 

Eel, 

Dog, 

Ed, 

Frog, 

P^, 

Howe, 

Herring, 

Horse, 

Hone, 

O^ 

Gold-fish, 

Man, 

Ox, 

Seal, 

Sole, 

Ox, 

Rabbit. 

Tiger, 

Turbot. 

Sheep, 

SbMp. 

Muscular  Fihre, — The  mode  of  preparing  this  highly 
teresting  tissue  has  already  been  given  at  page  329,  it  onl 
remains  in  thm  place  to  add  a  list  of  the  animals  from  wliich" 
the   most  instnictive   prepai^Uons  may  be  procured,      Tlio 
capillary  vessels  of  muscle,  as  stated  at  imge  330,  may  be  seen 
in  the  thin  muscles  of  the  eyes  of  biixls  and  small  mammalia^ 
but  they  arc  best  studied  after  injection : — 


Blow-%, 

C<kI, 

Fowl, 

Cricket, 

Eel, 

Ostridi, 

Dviioua, 

Sftlmoii, 

8w«lIow, 

LuU^ter, 

SkAte, 

Deir,  Nspa 

Hhrirnpw 

Fr«g, 

Klipliiuit, 

t  K«<.v,' 

Newt, 

Man, 

SlFtftl, 

1% 

I  r  t'rl  iml  ii);it 

Htmk<% 

WhaJtv 
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The  iibove  Uet  includes  only  miL^ular  fibres  of  tlie  elrlped 
kind>  or  what  are  termed  voluntary,  in  contnulistinction  to 
others  whicli  arc  uiistript'd  or  involiiDtary ;  amDn{:;st  tlie  latter 
clase^  however,  arc  gencmlly  mentioned  the  fibres  of  tlie 
heart  in  different  animals;  although  these  have  tranaverso 
BtriiCj  the  organ  itsclC  iieverthcle.^H,  is  au  involuntary  one. 
The  niuBcular  coat  of  tlie  entire  alimentary  canal,  with  the 
cjcception  of  tlie  up|}€r  part  of  the  a*80phagus,  m  wholly  sup- 
plied with  involuntary  fibres,  and  fn>m  any  part  of  the  tract 
apccimentj  may  be  taken.  The  fibres,  with  tlie  cxecptioius 
above  noticed,  differ  from  those  of  voluntary  muBcle,  in  being 
much  smaller,  and  aleo  in  the  abf^enec  of  strim.  The  subjoined 
Hat  will  give  the  localities  of  both  kinds. 


^aophflgus,  upper  part, 

midiUct 

cardiac  entl. 

Stomach,  great  end, 

pylorus, 

Duodenum, 


Ileum, 

Ca'cum, 
Hei'tum, 
Heart,  bunmn, 
<Mt, 

turtle. 


Nearly  allied  to  involuntary  muscular  fibre,  is  a  fibn^us  tissue 
termed  the  yellow  or  elastic ;  this  \s  often  found  in  eonneetion 
with  another  finer  and  less  elastic,  and  called,  from  its  colour, 
the  white  fil>roiis  tissue ;  a  mixture  of  the  two  la  known  to 
anatomists  as  the  areolar  tissue,  and  is  largely  used  in  the 
animal  economy;  it  forms  a  8up|X)rt  for  all  the  vessels,  ner\T0, 
and  niuscle^s  from  either  of  which  it  may  be  easily  procured ; 
the  yellow  tissue  is  found  nearly  in  an  isolated  condition  in 
the  ligamentiuii  nuehte  of  the  necks  of  some  animals,  especially 
those  of  the  ruminating  tribe ;  it  also  enters  laigely  into  the 
formation  of  the  intervertebral  discs ;  a  portion  of  the  liga- 
ment from  the  neck  of  the  sheep  or  calf,  even  after  boilings 
will  exhibit  the  elastic  fibres  exceedingly  well ;  they  arc  of 
nearly  uniform  size,  generally  curled  at  their  extrenuties,  and 
of  a  yellowish  colour.  The  foUowuig  auimak  will  diow  botli 
these  tiflauee  to  the  best  advantage : — 


26 


402 


HAIJ^lPULATION. 


Arfoiar  tisaue. 
Cat, 

Dog, 
Man, 
Babbit, 


YeB&m  EioMtic  iUtm^. 
Lig.  nucfaiE  of  gim^, 

^ ox, 

— — —  ^eefi, 


The  miisctilar  coat  of  arteries  is  cooiposed  of  a  tisBoe 
like  the  yellow  fibrous  above  described ;  it  may  be  very  easfljr 
procured  if  an  artery  be  cut  across  transversely,  and  the 
tnd  or  thickest  port  selected  and  separated  into  aa  fine  fil 
afi  possible  by  means  of  the  needle-points.  If  any  of  the 
tissues  arc  required  to  be  kept»  they  should  be  moanted  ^S 
fluid,  the  spirit  and  water,  or  the  creosote  Uquid,  will  be  fotuid 
to  be  the  most  useful  for  tJie  purpose. 

Mucous  Mmihranf, — Continuous  with  the  skin,  or  otster 
te^ment  of  tlie  body,  is  the  membrane  termed  mueous»  wl 
forms  the  investment  of  all  the  internal  parts,  as  the 
does  of  all  the  external,  and  is  even  continued  through  the 
ducts  of  all  gland%  however  complicated,  that  open  upoa 
port  of  the  surface*  This  membrane  has  two  surfaces, 
free  and  superficial,  the  other  attached  or  parenchynud ;  the 
former  is  covered  with  a  layer  of  particles  or  eella  tenned 
epithtUum^,  which,  according  to  their  situation,  and  to  ibe 
office  they  perlbrm,  are  divided  into  three  varieties,  the  sodj, 
the  prismatic,  and  the  spheroidal;  of  these,  the  two  Lt^  kinda 
are  sometimes  provided  with  vibratile  cilia;  the  laliert  or 
under  surface,  is  supported  upon  a  submucous  areolar  tiasiuiy 
in  which  Ixith  the  blood  vessels  and  nerves  nunily,  but  do  oot 
in  any  caae  enter  the  mucous  membrunev  Of  oil  the 
discoveries  made  by  the  microscope  in  minute  anatomy, 
can  at  all  equal  in  importance  that  by  whidi  a  true  kno^ 
of  the  structure  of  die  mucous  membranea  has  been  obi 
for  these  very  important  results  we  are  mainly  indebted  to  the 
labours  of  Henle  and  Bowman;  the  latter  gentleman  has  divided 
9  two  parts,  viz.,  the  basement  membnuie  mad 
Q ;  the  name  of  ha$emmt  memimme  has  been  giroi 
leuc  upon  which  the  e]>!thelium  feeta,  i 
imAiH  nf  t!i.'  strength  and cohemve power tl 
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nembrane  poeaesscs;  in  itself  it  is  structureless,  but  of  various 
of  thickness  In  different  parts,  and  either  it  or  the 
thilhini  is  always  present  where  mucous  membrane  may 
be  Piiiil  to  exist  WTien  the  skin  is  compared  aceumtely  with 
mucous  tii^ue,  they  will  both  be  found  to  be  parts  of  one 
expaiidcrl  membrane,  witli  certain  oiodificationj^ij  acoortlin^  to 
the  ortice  which  each  is  destined  to  pertbrm ;  tlie  cpitheUum 
of  skin  is  the  cuticle  or  epidermis,  but  the  basement  membrane, 
tliough  present,  is  not  easily  shown,  except  where  the  surface 
IB  raised  into  papillse.  The  mucous  membrane,  and  its  tlxree 
kinds  of  epitlieliym,  form  by  far  the  largest  proi>ortion  of  the 
prefmration^  which  the  anatomist  will  find  necesMry  to 
examine,  and  the  same,  when  its  capillary  system  is  injected, 
becomes  one  of  the  niost  beautilid  of  any  of  the  classes  of 
microscopic  objects. 

Thfi  EpitheUum^  nE  hn»  been  jdready  stated,  consists  of  three 
varieties,  viz.,  the  scaly,  tlie  prismatic,  and  the  epheroidaL 
The  first  kind  is  seen  most  largely  developed  in  the  sldn, 
where  it  foniis  the  cuticular  layer ;  detached  scales  may  be 
obtained  from  the  inner  side  of  the  moutli,  or  viewed  in 
situ  on  the  transpircnt  web  of  the  frog's  foot,  and  the  entire 
structure  of  horns,  liairs,  hoofs,  feathers,  and  other  cuticular 
appendages  is  marie  up  of  it.  The  prismatic,  or,  according 
to  Dr,  Todd,  the  columnar  is  abundant  tlircnighout  the  stomach 
and  intestines,  and  even  the  lungs;  each  prism  is  attached 
end  ways  to  the  basement  membrane,  and  is  united  to  its 
fellows  by  the  sides,  so  that  they  fonn  a  single  layer,  the 
thickness  of  wliich  dei^ends  upon  the  length  of  each  prism; 
the  attached  extremity  is  generally  pointed,  the  free  one  wide 
and  flat;  this  latter,  in  some  parts,  is  provided  with  vibratile 
cilia ;  the  best  situation  for  the  exumination  of  these  is  the 
villous  surface  of  the  sm^dl  intestine  of  animals ;  if  the  ciliary 
movement  is  desired  to  be  vieweil,  tlie  iip[»er  and  back  part  of 
the  Sehnciderian  membrane,  or  some  portion  of  the  respiratory 
tmct,  nmy  be  selected,  ajs  in  these  sjyots  the  prisms  are  clotlie*] 
witli  cilia,  and  may  be  observed  in  rapid  movement  some  httle 
time  even  after  the  death  of  the  animaL  Tlie  third  variety^ 
or  sphcrouial^  is  to  be  met  with  in  all  glandular  structures; 
26* 


404 


MAXfPtn-ATTOy. 


Cr/ei0f 


ofj 


and  Ml  constant  is  its  presence  in  them,  that  the  naror 
f/ltmdulttr  has  often  been  appUcd  to  it.     The  parts  in  which  tl 
may  be  reuflily  examined  are  the  tubes  of  the  etomacli 
kidney  ;  the  accreting  Htnieture  of  the  liver  is  also  imule  up 
it-     In  the  two  fomier  Bituations,  the  tmscment 
upon  which  tlio  epit helium  rests,  can  be  very  well  seen  ; 
in  the  liver,  where  the  cells  are  most  abundant,  it  c^imat 
det4»et6d. 

The  movement  of  the  cilia  was  known  to  the  old  ml 
pists,cven  as  far  back  as  tlie  dayct  of  Leeuwenhoek,aiid  fjnom 
time  up  to  the  present  has  always  been  viewed  with 
and  amazement;  it  was  first  discovered  in  the  infiiaaiiay 
after wartls  in  some  of  tlie  email  molluscous  animals;   in 
modern  tiines  it  has  been  detected  in  all  the  higher  classed,  uj 
to  man  himself.     Those  who  would  wish  to  obtain  accttrmi 
tnfoimntion   upon    the   subject    of  cilia,  should   consult 
artJths  *K'ilia*'  and  '*  JIucous  Membrane,^  in  tlie 
of  Anatomi/  and  Pht/HioltM/t/, 

MrthiHl  of  Viftthif/  the  Ciliary  Afcmement — If  the  roof 
mouth  of  a  living  frog  be  &craped  with  the  end  of  a 
and  the  dcttiebed  mucous  matter  placed  on  a  ghuis  didc^ 
examined  with  a  power  of  two  hundi-ed  diameters,  the  ci 
epitlKTuim  cells  nniy  be  well  seen;  when  a  number  of 
are  collected  together,  the  movement  is  effected  with  iipp«rrat; 
regularity ;  but  in  det^iched  scale  s,  it  is  often  so  violent,  that  the 
scale  itself  i&  whirled  aljoiit  in  a  simihtr  manner  to  an 
cule  provided  with  a  locomotive  apiiaratua  of  tho 
description,  and  lias  frequently  l>ecn  uilstidcen  for  such.  The 
animals  more  commonly  employed  for  the  examination  of  the 
cilia  are  the  oyster  and  the  nuis^^sel,  but  the  latter  is  genmtif 
preferred.  To  exhibit  the  movement  to  the  best  advantageg, 
tlie  following  method  must  be  ailopte<l : — Open  carefiilly 
shells  of  one  of  these  mollusks^  s{>illing  as  little  as  possil 
the  contained  fluid ;  then,  with  a  pair  of  fine  scissor^  removei? 
Fmnll  jK>rtion  of  one  of  the  gilis  (hnmchifc),  lay  this  on  a  slide  or 
the  tablet  of  an  animalcule  cage,  and  iidd  to  it  a  drop  or  two  ofi 
the  fluid  from  the  shelb  and,  by  means  of  the  needle *pointfl, 
aepamt^  tlie  Ulamouts  one  from  the  other,  cover  it  lightly  irith 
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tliin  piece  of  glaas,  and  it  is  ready  for  exaimnatiom  The 
eilia  may  then  be  seen  in  sevenLl  rows  beating  and  lashing  the 
Fater,  and  producing  an  infinity  of  currents  in  it  If  frt^sh 
CVater,  iDj^tead  of  that  from  the  sliill,  be  added,  the  mo^ cment 
will  tipcedily  stop,  hence  the  necessity  of  the  caution  of  pre- 
eerving  tlie  liquid  euiitoiiicd  in  the  shell.  To  observe  the 
action  of  any  one  of*  the  cilia,  and  its  form  and  sti'ucture^  ^me 
bom's  sliould  be  allowed  to  ela[t«e  after  the  preparation  of  the 
filaments  above  given,  the  movement  tlien  will  have  become 
sluggish ;  if  a  jjowcr  of  four  ImndrL-d  lineiu"  be  used,  and  tliat 
part  of  the  cilia  attached  to  the  epithelium  scide  cai'efully 
watchcil,  each  one  will  be  found  to  revolve  a  quarter  of  a 
circle,  whereby  a  *' feathering  movement"  is  effecteil»*  and  a 
current  in  one  direction  constantly  produced.  In  the  higher 
animals,  the  iiction  of  the  cilia  can  only  be  obser^^ed  a  short 
time  after  death.  In  a  nasal  polypus*,  when  situated  at  the 
upper  and  back  part  of  the  Sclmeidenan  membnme,  the  cilia 
may  be  beautifully  seen  in  rapid  action  some  few  hours  alter 
its  removal;  but  in  the  respiratory  and  other  tracts  where 
ciliated  epithelium  is  found,  it  would  be  almost  impossible 
ever  to  sec  it  in  action,  unless  the  body  were  opened  imme- 
diately after  death.  In  some  animals,  it  may  be  seen  in  tlio 
interior  of  the  kidney,  as  was  first  discovered  by  Jlr.  Bowman 
in  the  expanded  extremity  of  a  tubule  surrounding  the  plexus 
of  bicKKl-vessels  forming  the  ao-callc<J  Malplghian  body;  in 
<*rder  to  exhibit  the  ciliary  action,  the  kidney  is  to  Imve  a  few 
rery  thin  slices  cut  from  it,  and  these  are  to  be  moistened 
with  the  serum  of  the  blood  of  tlie  same  animal,  the  vascular 
and  accreting  portions  of  the  organ  may  tlien  be  seen  with  a 
power  of  two  hundred  diameters,  and  also  the  cilia  in  the  ex* 
panded  extremity  of  ejich  tube,  as  it  |iasses  over  to  surroimd 
the  YCBsels;  the  epithelium  of  the  tulx?s  themselves  is  of  the 
spheroidal  or  glandular  character.  Since  Mr.  Bowman's  dis- 
jvery,  the  phenomenon  liaa  been  witnessed  in  other  animals 

the  aftme  situation. 

7%e  Bastmntt  Mvfft^rane^  as  before  described,  is  structure* 
*  See  a  imper  by  the  autlior,  in  YuL  11.   uf   Trmuacttoiu  of  M« 
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lesfl,  and  not  supplied  in  any  way  with  vc3«sel«i;  tiie  beet  jliw 
for  viewing  it  arc  the  tubes  of  the    kidnej    and  stomvK 
and  the  %)Ui  of  the  small  intestine;  in  the  sidn  and  other snioQ^ 
surfaces,  its  presence  cannot  be  so   eatisfactorilj  made  ocL 
The  examination   of  mucous  surfaces    and   glanddy  althoi^ 
conducted  with  great  care  by  some  of  the   earliest  microse^ 
pists,  did  not  much  advance  the  knowledge  of  their  mimik 
structure,  as  the  instruments  employed  for  the  purpose  w«w 
not  suited  for  very  accurate  or  minute  investigation.    tW 
principal  poiut  arrived  at  by  them  was  the   arrangetn^l  d 
the  capillaries,  for  as  long  ago  as  1736  the   art  uf  injectiflg 
the  minute  blood-vesselsj  which  was  discovered  by  De  Gnt^ 
in  the  year  1668,  had  been  brought  to    such  a  high  itatv 
of  perfection   by  Ruysch   and   Lieberkulin,    that  the  ^mm 
of  their  productions  already   extended  throughout   £uzope» 
But  however  much  anatomists  had  made  out  by  rougk  d»» 
section  and  maceration,   it   might  be  said   with   truth,  ibai 
nothing  beyond  the  annmgement  of  the  vessels  was  satirfac* 
torily  known  untO  the  time  of  Boehm,  Boyd,  and  Henle ;  to 
the  latter  dij?tingtii.shed  anatomist  we  are  chiefly  indebted  for 
our  knowledge  of  the  structure  known  as  epithelium.      Bv 
new  modes  of  examination  and  dissection,  as  well  a«  bv  eub- 
mitting   very    thin   vertical   and  other  sections   to   the  high 
powers  of    the  achromatic   compound   microscope,    has  our 
present  accurate  understanding  of  the  structure  of  macoua 
membranes  and  glands  been  obtained.     The  methods  to  be 
adopted  for  the  examination  of  mucous  membranes  in  general 
by  the  microscope  will  here  be  given. 

Metluni  of  Examirdng  the  Surface  of  Mucous  Membrtznts, 

Supposing,  for  example,  the  q>ecimen  to  be  examined  be  a 
portion  of  the  mucous  membrane  of  the  stomach  of  an  sinimftl 
recently  killed,  the  surface  will  be  found  to  be  covered  over 
by  a  thick  layer  of  more  or  leea  viscid  mucus ;  this  eJiould  b© 
got  rid  of  by  as  gentle  means  as  possible ;  the  beet  plan,  oa- 
the  whole,  perhaps,  is  that  of  allowing  a  small  stream  of  water 
to  ilow  on  it ;  or,  if  the  specimen  be  small,  it  may  be  pinned  out 
u(K)n  one  of  the  loaded  corks  described  at  page  321,  and  wcU 
washeil  by  means  of  the  small  syringe  also  described  at  page 
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322 ;  if  tlie  epithelium  be  required  for  examination,  a  emaU 
portion  of  it  may  be  detached  from  the  surface  by  a  scalpel^ 
[placed  on  a  glasa  slide,  luid  \Hewcd  as  a  transparent  object  with 
a  power  of  200  diameters.  But  if*  the  raucous  membrane 
it5?elf  be  re<juired  to  be  examined,  it  should  be  done  under 
water,  the  apecinieu  being  pinned  out  on  a  loaded  cork»  and 
placed  IB  a  tin  trough  with  a  sufficient  quantity  of  that  fluid 
to  cover  its  entire  swcfnce  ;  if  neceeaary,  the  light  of  an  argand 
lamp  may  be  condensed  upon  it;  the  microscoi)e  to  he  em- 
ployed for  the  examination  may  be  one  of  the  kinds  shown  by 
figs.  32  and  37  ;  and  if  the  trough  be  too  large  to  be  admitted 
upon  the  stage  of  an  ordinary  compound  instrument,  that 
represented  by  fig,  216  will  be  found  the  most  convenient; 
this  method  of  eximiimitiou  will  answer  for  specimena  either 
injected  or  not,  and  should  be  tlie  one  first  adopted.  In  order 
to  obtain  a  correct  idea  of  tlie  external  surface^  section^*,  both 
horizontal  and  vertical,  should  afterwai'dd  be  taken  and  sub- 
mitted to  high  powers,  and  when  the  membrane  cannot  be 
well  cut  into  thin  slices,  it  may  be  separated  by  the  needles, 
or  by  moderate  pressure  in  the  compressorium.  Tlie  plan  of 
6t*paration  by  needles  will  succeed  very  well  when  the  tubular 
jMjrtion  of  the  stomach  is  ver}"  tliiek,  as  in  the  case  of  the 
(wrpoise ;  many  tubes  may  then  be  detached  tliat  could  not 
have  been  so  eaaily  separated  by  thin  sections  made  with  the 
scalpcL  The  above  described  method  of  examining  a  mucous 
membrane,  although  apphed  to  the  stomach,  wiO  be  found  to 
answer  equally  well  for  that  of  all  otlicr  parts,  not  only  of 
the  alimentary  canal,  but  all  tracts  except  those  in  which  the 
epithelium  is  so  abundant,  as  to  form  a  perfect  layer  of  cuticle ; 
in  idl  these  latter  cases,  it  must  be  needless  to  mention,  that  in 
onler  to  examine  tlie  mucous  surface,  the  layer  of  cuticle  must 
Iiftve  first  been  removed;  this  cannot  often  he  done  in  the 
&esh  state,  the  operation  of  maceration  must  then  be  liiul 
reoourise  to  for  tlie  purpose.  If  the  surface  be  villous,  and 
have  been  kept  in  spirit  for  some  time,  it  should  be  pinned  out 
and  well  washed,  either  by  a  stream  of  water,  allowed  to  run 
on  it,  or  by  a  syringe ;  if  the  prcpamtion  be  then  allowed  to 
rcnuun  in  water  for  a  short  time,  aU  tlie  villi  will  float  up,  and 
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their  shape  be  aecertained  In  modem  times  the  art  of 
injection,  which,  in  this  ootmtiyj  had  far  a  long  period  beeti 
neglected,  began  to  be  again  revived,  with  the  em|ik»jiiieiit  of 
the  achioroatic  niicro9co|>e ;  and,  by  its  agency,  within  tlie  last 
few  years,  numerous  most  interesting  discoveries  have  bc^i 
made,  especially  since  the  invention  of  tliin  glass,  and  the 
mounting  of  objects  in  fluid,  and  of  viewing  them  in  it,  ha^e 
been  adopted.  The  different  methods  of  injecting  will  be 
given  in  a  subsequent  work,  in  thi??  place  it  will  be  merely 
necessary  to  enumemte  some  of  the  objects  of  the  greatest 
interest  that  may  be  selected  firom  the  mucous  membranes, 
eitlier  injected  or  not,  that  may  serve  as  a  guide  to  the  under- 
standing of  the  diHerent  elements  of  which  it  is  compoaed; 
thiefle  are  as  follow ; — 


JSpitMiwm. 

Sc*l)r — Skin  of  Newt, 
„        Web  of  Frog*a  ffjot, 
,t        Mesentery,  Rabbit, 

„        Mouth,  Human, 
„        Cuticle, 
„        Cornea  of  eye. 
Priamatjc — ^Villi  of  small  intestine 
GaU  bladder, 
,f  Septum  misi. 

Spberoidal — Tuhuli  of  Kidne/, 

I,  Stomttch^ 

n  Bog, 

„  Porpoise, 

,,  Liver,  Maa, 


^oiemfM  jKfcaioraB#» 

Tubuli  of  flftomBch,  Dog, 
Porpoise^ 

Sudoriferoufi  duct,  Man, 
Tubuli  of  tesdch  Guiiiea*p^. 

CUitUtd  EpUhtlinm, 
Frog*8  moutb, 
Infusoria — Leucophrys, 
Rotifer, 
Polypes, 

Brancbifie— Oyster, 
„  Mussel* 

Back  part  of  n<»tie. 
Bronchial  tubea, 
Ventricles  of  btmin, 
Tubuli  of  Iddnej. 


B*>aj, 

Cm. 


The  following  list  of  gpccimens  of  injected  mucom 
bmno0  htm  been  kindly  supplied  by  Mr.  Topping  ;^ — 


Adder, 

Boa  C'ofifitrictor, 

Cat, 
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Ilori^o, 

Pig, 

Riibljtt, 
Kilt, 

Snakt^ 

Tortobe, 
Turrie. 

Kidney* 
Bear, 

Boft  Constriclor, 
Cat, 
Dog, 
Fowl, 
Frog, 
Hedge*hog, 

Rabbit, 
Sheep, 


Lung, 

Adder, 

Boa  Constrictor, 

B*lx}oa, 

Bear, 

Cftt, 
Dog, 

Dolphin, 

Fowl  (domestic), 

Frojj, 

Guhk'ii  Eugle, 

Guinea-pig, 

Horse, 

Huioan, 

— — ^   fcetjil, 

Ichtieuiyoii, 

KittL^u  (3  days  old), 

Mouj»e, 

Pheasant, 

Pigeon, 

Puppy  (4  days  old)^ 

Rabbit, 

Salmon, 

Sheep, 


Toad, 

Tortoise, 

Turtle* 

Liver. 

Boa  C^tis  trietor« 
Eel, 

Giiiuca*pig, 

Rabbit, 
Rat, 

Omduct. 

Fowl  (domevtie)i 
Fhisasaiit, 
Snake, 
Tortoise* 


Boa  Cunstrictori 
Cat, 

Guiuda-prg, 
Hedge-hog, 
Human, 

foBtal, 

Snake, 
Tortoise, 


Since  the  discovery  of  epithelium  upon  mucous  membraues, 
the  same  tlung  haa  been  found  upon  serous  and  synovial 
ineinhmnesj  which  are  BUptxj^cJ  now  to  be  only  peculiar 
mollifications  of  the  former ;  the  layer  is  a  angle  one,  and  h 
best  seen  in  the  mesentery  of  small  animals,  and  in  the 
eynoviul  fringes  of  jointa  These  synovial  fringes,  when 
injected,  are  remarkably  beautiful  objects ;  by  some  persons 
they  have  been  kK>kcd  on  as  small  masses  of  fat,  but  on  micro- 
scopic examination,  the  notion  as  to  their  being  of  a  glandular 
nature,  as  was  described  by  some  of  the  older  anatomists, 
will  be  found  to  be  c-orreet  To  examine  tlie  epithclitmi  from 
the^e  {>arts,  the  mesentery  of  a  small  animal,  such  as  a  mouse, 
guinea-ptg,  or  rabbit,  should  be  taken  as  soon  after  death  tm 
possible;  tlic  cpithcliimi  may  be  best  seen  on  the  parte  that 
are  slightly  foldcil,  with  n  power  oC  two  InmdiXHl  dinmcters. 


4ie 

Beades  tli6  meaJtmam  ImI  dwribcd,  the 
of  ffe  capilkries  in  oertein  of  tbe  dfnientary  i 
not  80  mimenMiB  *  daob  yet  will  form  quite  «8 
olgeote  Ibr  examinatioiL      A  list  of  theact  mo^  of  wliicli 
itHmlif4  hy  Mr.  Toppiiigt  k  here  gL^ea  for  tbe  info 
of  tibam  who*  tlioogfa  interested  in  flocli  waXUs%  ni^ 
ilMleH^  out  of  tiie  wmjr  of  pfDcnring  i 


Teodoii,  Cat, 

Cartilage  anicular,  Hoii 

Rg, 

Fibro  Caitalige» 
Penoitetmii 

Pig. 

Bone^  Calf, 

Lamb, 

Sacking-pig, 

Pulp  of  Tootk,  HouuuK 
—   Kitten, 

Pig, 

Calf, 

Enamel  Membrane,  F%, 
—  Httmjiii, 

ObjtcUfor  Polarized  UgfU, — The  application  of  the  paliuv 

iadng  apparatud  to  the  compound  microscope  wae  first  made 

by  Ilemy  Fox  Talbot,  Esq.,  eiiice  which  it  has  been  tuudi 

cmploved  by  Sir  David  Brewster,  Sir  John  HerBcbell,  and 

other  ^H^t  authorities;  and  as  it  dow  fonus  ao  imponaad 

an  iDiteiment  for  tlie  determination  of  the  elightest  differenoQi 

of  density  in  the  modt  delicate  gtructures^  its  use  to  tbe  anati^ 

mLit  iu\A  chemist  is  iodispenaable ;  but  for  thoee  who  may  mity 

b  to  know  tlie  kindd  of  objects  that  show  tbe  richest  tinta 

ou*  when  viewed  by  iwlarij&ed  light,  Mr.  Toppu^  haa 

he  author  with  tlie  following  XuX*     Many  of  the 
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I  contained  therein,  it  will  be  noticed,  have  already  beeo 
liven  under  diiFercnt  heads;  but,  notwitlistanding  this,  it  ha» 
►een  deemed  the  best  plan  to  repeat  them,  that  they  may  all 
►6  arranged  tm  objects  lor  the  polarizing  mjerosco|>e.  They 
xe  here,  however,  for  tlie  sake  of  convenience,  divided  into 
hree  ciaaaes,  viz.,  the  aninml,  vegetable,  and  mineral : — 


I 


Ammal* 
BoneofCiitt1e-6yi, 

Caincl, 

Horse, 

Ox, 

Sh(M?p, 

Horn  of  Alrit'aii  Hbmoocrofl, 

transverf.e  S4^t]on, 

>  vertit-nJ  section, 

Indjaii  Itbinoceroft, 

Antelope^ 

Ox, 

Sheep, 

Grey  hanjjin  hiiir, 
Enw  silk, 
Scale  of  Eel, 

Sole, 

Spiculea  of  Grorf^onia, 
Wing  CAftes  of  Beetles, 

atumal  matter  of. 


Starch, 


-  Arrow-root, 

-  Costard -powder, 

-  Indian-corn, 

-  Toiifl  led  tuois, 


(tun-cotton. 

Hairs  from  leaf  of  Deutzia, 

— . » ■ — •  Eljeagntis, 


Hairs  from  leaf  of  Olive, 
Rhw  Cotton, 
Flax* 

Brighton  Pebble, 

Cry*ftal»  of  Bichromate  of  Potash, 

Borax, 

— Boracic  Acid, 

Borate  of  Ammonia, 

Borax  &  Phosphoric  Acid, 

Carbonate  of  Lime, 

Chromate  of  Pota«h, 

Choleftterine, 

Citric  Acid* 

Epeom  Salts* 

' Murexide, 

Nitrate  of  Barytcs, 

' — Lead, 

Satin  Spar, 

Sulphate  of  Cadmium, 

Copper, 


Granite^ 
Mirble, 
HhApliides  Hjacinthf 

Onion, 

Rhubarb, 

Sea-sand, 

TremoUte, 

Zeolite, 

Sclenite  of  di Cerent  thicknesses. 


Seknftf. — As  before  stated  at  pag«  219,  lamime  of  tlna 
nineral,  or  of  nuca,  will  be  required  of  different  tIncknej»0C0 ; 
he«e  may  readily  be  aplit  off  from  a  large  crj-etal  by  a  pen-* 
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knife  or  other  eharp  Lnstruinent ;  for  the  purpose  of  beiog  i 
the  tamime  ehould  be  placed  between  two  plates  of  thiii  ^ 
either  with  or  without  Canada  balaam.     A  piece  of 
glase,  three  or  more  inchea  lon^  and  an  inch-*«ndHir4iaIf  i 
with  a  r^.ded  edge,  and  having  a  thin  laimna   of 
cemented  upon  it,  and  covered  hy  a  piece  of  thin  glaas  wi^ 
Canada  bakam,  b  employed  by  dome  persons  as  a  aelemi 
stage,  and  upon  tim  the  object  that  is  intended  to  be  i 
IS  placed. 

Cnfstah  of  Salts, — These  may  be  eamly  prepared  hy 
talliidng  slowly  a  boiling  saturated  Bolution  of  the  salt  upon  J 
cold  gkss  glide ;  the  crystallization  can  be  eflected  vcty  ] 
by  warming  the  under  suriace  of  the  glass  over  a  lamp. 
get  the  finest  crystal^  the  more  slowly  the  solution  is  allowc 
to  evaporate  the  better ;  the  unciystallizable  part,  or  motdef 
liquor,  as  it  is  termed,  should  be  removed  either  with  UotI 
paper  or  a  glass  tube.     Several  s{>ecimens  of  each  soirt  i 
be  crystallized  on  elides,  and  those  that  show  best»  i 
the  otliers  may  easily  be  cleanetl  off!     If  any  of  the  i 
are  required  to  be  kept,  they  should  be  mounted  either  in  \ 
dry  way  or  in  Canada  balsam ;  in  order  to  preserve 
from  being  injured  by  the  pressure  of  the  cover,  a 
paijcr^  cardboard,  or  glass,  should  be  placed  round  theniji 
the  cover  cemented,  as  before  described  at  page  285. 
cording  to  Mr,  Fox  Talbot,  a  solution  of  sulphate  of 
to  which  a  small  portion  of  nitric  ether  has  been  «d«  1 
crystallize  in  the  form  of  rhomboids ;    these,  when  viol 
under  polarized  light,  rcsetiiblc  brilliant  rubies,  emenikla, : 
other  gems ;  according  to  the  same  gentleman,  the  oxaliUc  \ 
cromiuiJ)  and  potash,  dissolved  in  water,  and  rapidly  cry* 
lized^  is  a  splendid  object      Sir  Diivid  Brewster 
the  Faro  AiKjphyllitc,  when  the  prisms  are  complete, 
hibitiug  most  gorgeous  colours.      If  it  be  wished  to 
the  cr}  stals  of  any  salts  during  their  formation,  the 
lixtition  aliould  be  carried  on  in  a  glass  that  is  slightly  k 

P  Ae  cells  represented  by  figs.  161-2  will  be  fomid 
le  i»uqK>sc,  but  the  best  appiinitus  of  all  will  be 
ve  iliites  of  glass   ahoui  u  quiurtiT-ofnui^iich 
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iiftnicter,  three  or  niort;  of  svhidi,  ^ct  in  a  fmme  of  metal, 
were  generally  supplied  with  nil  the  old  microscopes,  and  were 
employed  for  containing  infusoria,  as  well  a^i  tor  viewing*  tlie 
crystallization  of  ssalt*.  AM  thoee  crystalij  tliat  are  so  tliin  iia 
not  to  appear  light,  or  to  exl  libit  colon  re  when  the  6clJ  of 
view  is  nuule  dark  by  the  position  of  the  prisnig,  may  have 
colour  given  tbeia  when  placed  upon  tlie  seleiiite  stage  or 
when  a  film  of  the  same  material  is  laid  untU^r  thciru  Many 
organic  subsstances  idso,  though  they  do,  tc*  a  cert^n  extent, 
appear  luniinous  upon  a  dark  ground,  may  be  made  to  exhibit 
colours  when  placed  over  sek  iiite.  If  colour  only  be  required 
to  be  shown  by  any  given  object,  tlie  method  of  Mr.  Kmg»  88 
dciscriljed  at  page  224,  will  be  found  the  best  to  l>e  adopted, 
as  then  any  prep!ir4itlt>n,  whatever  its  struct iire»  will  exhibit 
the  ertects  of  polarized  light*  The  plan  of  preparing  the 
sectionB  of  whalcltone,  horns,  hoofs,  hairs,  Scc.^  had  already 
!>een  given  at  page  313 ;  and  at  i>age  305,  the  best  method  of 
procuring  the  siliceous  skeletons  of  graflKfl ;  whilst  at  i^age  370, 
the  names  of  the  finest  speinraens  to  select  for  the  purpose  are 
ninntioned*  So  little  being  yet  known  as  to  wliat  eftect  is 
produced  by  iK>larized  liglit  uptm  many  of  the  moat  delicate 
organic  structures,  it  should  be  laid  down  as  a  rule,  that  every 
new  variety  of  tissue  be  sulnnitted  to  itri  action,  and  doubtless 
many  important  results  would  follow. 

(*tirretifs  in  Fhtkh  oltstTVfd  dnnittf  their  evaporation^— ^Yr. 
Varley,  in  the  fiftieth  volume  of  the  Tramactiaiis  of  the  Societt/ 
of  Arts,  first  intrmluced  a  series  of  experiments  on  this  sub- 
ject to  the  attention  of  nucroseopists.  The  plan  recommended 
is  as  follows  : — Take  an  animalcule  cage  of  moderate  si/xs  and 
upon  the  tablet  place  a  drop  of  turi>entinc  or  spirits  of  wine, 
&c^,  then  slide  over  it  the  thin  glass  cover,  but  do  not  com- 
I>ress  the  fluid  very  nnich,  and  the  microscope  being  placed  in 
the  vertical  position,  and  provided  with  a  magnifying  powej* 
from  forty  to  one  hundred  diametejis;  the  contents  of  the  cage 
arc  to  be  examined  in  the  same  way  as  if  animalcules  were 
contained  in  it ;  as  the  e^naporation  of  cither  of  tliese  fluids 
takes  place,  numerous  currents  and  vortices  will  be  seen, 
especially  if  a  small   quantity  of  finely   powdered   coal   be 
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ground  into  them ;  the  particles  of  coal  being  very  Ugbt,  are 
held  in  suspension  whilst  the  evaporation  is  going  on,  and,  by 
the  currents,  are  whirled  about  in  different  directioiia.  The 
following  fluids  Mr.  Varlcy  has  given  aa  the  best  fc^ 
illustration  of  the  currents ; — 

"LA  drop  of  spirit  of  wine,  or  of  naptha,  extiibits  tifSJ 
three,  or  four  vortices  or  centres  of  circulation^  aeoording  to 
the  size  of  the  drop;  and  if  these  vortices  are  viewed  laterallj, 
the  Ones  of  particles  will  be  seen  forming  oblique  curves  from 
top  to  bottom  of  the  diop, 

**  2,  Oil  of  turpentine  shows  a  rapid  circulation  in  two  covH 
tinuous  spirak,  one  to  the  right,  the  otlier  to  the  left,  around 
the  drop.  These  meet  in  the  opposite  diameter,  from  whicli 
the  particles  are  carried  slowly  across  the  diameter  to  tbe 
place  of  starting,  and  this  continues  while  there  is  fluid  enough 
to  let  it  be  seen. 

«  3.  If,  however,  the  drop  does  not  exceed  one-tenth  of  mn 
inch  in  diameter,  it  presents  the  appearance  of  particles  cot^- 
tinually  rising  up  in  the  middle,  and  radiating  in  gentle  cunret 
to  tlie  circumference. 

*'  4.  If  the  liquid  be  put  into  a  very  small  phial,  similar  mo- 
tions are  perceived,  the  particles  when  they  have  reached  the 
side  of  tlie  phial,  going  down  to  rise  up  afterwards  in 
centre  or  axis. 

"  5.  If  a  bubble  of  air  be  enclosed  in  the  liquid, 
similar  to  those  described  in  No.  2,  are  observed  in  the 
immediately  in  contact  with  the  bubble. 

"  6*  In  a  flat  drop  of  new  wine  laid  on  the  tablet  or  di^-  *.♦! 
aquatic  live  box,  but  not  compressed  by  the  cover,  the  moti 
was  a  regular  uniform  circulation,  the  particles  ristng  from 
below  at  one  end  of  tlie  drop,  then  i)assing  straight  acrosB  on 
tlie  surface,  and  descending  at  the  other  end.** 

Method  of  Vlewinff  the  Spiral  Fibres  in  the  Tetta  ^  iht 
Seeds  of  Salvia^  OMomiu^  ^v, — For  tliis  purpose  m  fiiU  sized 
seed  of  any  of  the  species  of  the  subjoined  genera  should  be 
tJiken,  and  a  very  thin  shcc  of  the  outer  brown  part  or  Irsta 
cut  oS'with  a  sliarp  knife;  place  thia  on  a  glass  slide,  or  tm 
^]y.  ♦»i.i..i  *.f  fir»  finimaleule  cage,  and  subject  it  to  the  micro- 
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ope,  which  for  tl»c  purpose  should  be  provided  with  a  mag- 
nifying power  of  about  fifty  diameters,  bring  the  object  into 
focus,  and  tlion  lay  over  it  a  cover  of  thin  gla^s^ ;  if  now  a 
drop  of  water  be  lirnught  near  to  cither  of  tlic  edges  of  the 
cover,  it  will  immediately  run  underneath  it,  and  spread  itself 
over  as  much  space  on  the  alidc  aa  the  thin  gla^  occupies ;  if 
the  testa  be  now  carefidly  watehedj  numbers  of  transparent 
tubes  eontaimng  spind  fibres  will  be  found  to  grow,  as  it  were, 
from  all  parts  of  it ;  tliis  operation  will  last  for  the  space  of 
two  or  tlu^ee  minutes,  when  it  will  stop.  When  tl\e  animalcule 
cage  ie  used,  a  drop  of  water  may  he  placed  on  one  part  of  the 
tidilct,  and  the  jiortion  of  testa  at  some  httle  distance  from  it  j 
the  cover  should  then  be  slid  on,  but  not  so  far  down  aa  to  reach 
the  water,  the  testa  having  been  atljusted  to  the  focui^  and 
when  idl  \a  ready,  the  cover  may  be  elid  so  far  down  as  to 
press  the  water  all  over  the  tablet,  and  tlie  giving  otl*  of  the 
cells  will  take  place  ae  before. 

The  seeds  in  which  this  property  resides  had  been  long 
known  to  become  coverinl  with  a  white  flocculent  matter  like 
mould,  after  having  been  placed  but  a  very  short  time  in 
water,  and  the  appearance  wasi  generally  attributed  to  the 
first  act  of  growth  of  the  seed  ;  but  the  microscope  shows  that 
it  is  due  to  tlie  elongation  of  membraneous  cells,  by  the 
uncoiling  of  an  elastic  spiral  fibre  contained  within  them. 
The  same  phenomenon  has  been  observed  by  5Ir.  Kippist  in 
the  seeds  of  the  AcfrntJuidium  sjn'catum^  a  plimt  brougltt  from 
upper  Egypt  by  Jlr.  Ilolroyd;  also  in  other  planta  of  the 
family  AcanthacecPy  but  the  presence  of  spiral  cells  is  not  con- 
etnnt  througliout  tlie  whole  family,  llie  entire  surface  of  the 
seed  of  the  Acanthodium  is  covered  with  whitish  hairs,  which 
arc  so  compressed  as  to  adliere  closely  to  it  in  the  dry  state, 
being  apiMirt^ntly  glued  together  at  their  extremities.  On 
being  placed  in  water,  these  hairs  are  eet  free^  and  spread  out 
on  all  sides,  tliey  are  then  seen  to  be  clusters  of  from  five  to 
twenty  spiral  cells,  which  adhere  firmly  togetlier  in  their 
lower  portions,  while  their  upper  parts  are  free,  separating 
from  the  cluster  at  different  heights,  and  expanding  in  all 
directions  like  plumes,  forming  a  very  beautiful  microeoopic 
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\m  opaque  objects  with  a  low  magnifying  pc»wer,  ancl  without 
any  previous  prepanttion.  The  sand  found  largely  iii>on  the 
Bea-sliore,  in  some  parts  of  the  world,  and  that  met  with  in  tlio 
interior  of  shells  and  spono^es,  is  exceedingly  rich  in  minute 
foraminifeni,  and  spicules  of  gorgonia  and  sponges ;  the  bins  in 
the  ehopa  of  merchants  who  prepare  and  deal  in  West  Indian 
and  Turkey  sponges,  will  atfonl  a  rich  hardest  to  the  miero- 
8<X)pist.  The  sand  from  the  Calcaire  ffrnsmere^  of  Grignon, 
near  Paris,  is  exceedingly  rich  in  very  beautiful  forms ;  po 
also  is  that  from  the  island  of  Dclos,  The  shelln  may  he 
picked  out  from  either  of  these  by  the  employment  of  a  bla^k 
card,  a  sharp-pointed  sable  pencil,  and  one  of  the  single  micro 
scopes  represented  by  figs.  27,  33,  and  34;  they  should  be 
motuited  either  on  bhick  discs  or  in  cells ;  being  of  a  white 
colour,  they  will  appear  to  the  best  advantage  upon  a  black 
ground.  Tlie  following  list  of  names  will  include  some  speci- 
mens that  arc  remarkable  for  the  ahnndanec  and  elegance  of 
form  of  tlie  animal  remains  found  in  them,  and  others  strictly 
mineral,  whose  gorgeous  colours  are  only  rivalled  by  the  bril- 
liant plunmge  of  the  humming-bii'cl,  or  by  the  splendid  huea 
sometimes  di6[)Iayed  by  polarized  light; — 


SectionM, 
Gmnite, 

fol luted, 

JVIr>«s  Agnle* 

Antimony  Sutphurct, 
ATAiilitrints 

artifidul. 


Bismuth, 
Copper,  Pyritoft, 

Peiicoek, 

aatiTe, 

KubVi 

Iron,  Elba, 

Pyrites, 

Tabasheer, 

Tin,  crjutallizeil, 
Toupmuline, 
Zinc,  crvstnllized, 


Ooliteit. 

BiitJi, 
Ca*?n, 
Do  111  ling, 
Portland. 

Sand. 
Grignon, 

DtiloB, 

Ja^a, 

Turkey  Sponge, 

West  Indian  Sponge. 


Biniodide  of  Mercury* — A  very  Interesting  object  for  the 
microscope  is  the  recently  sublimed  deuto-iodiiret,  or  bin- 
iodide  of  raerciir)%  **  Tliis  eidt,  when  first  sublimed,"  aaya 
Mr.  Varley,*  '*i8  of  a  l)right  yellow  colour,  which  rapidly 

*  V^ol.  XMX.  of  Th^  TrmmacHomM  of  the  SneiHj/  of  Arts,  pa^e  194. 
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changes  to  reJ ;  the  manuer  in  which  i\m  change  tak<*d 
being  the  euliject  I'ur  investigation^  and  it  la  well  worthy 
further  attention^  aa  indicating^  very  probably,  the  «truci 
of  tlie  ciystaK  To  examine  them,  place  a  few  graiiij»  of  tlii 
deuto-ioduret  of  mercury  in  a  watch-glass,  and  invert  over 
another  gla^  of  the  same  size ;  apply  the  heat  of  a  spirit-htinj 
and  when  fimies  issue  from  between  the  glasses,  remove 
lamp,  and  sutler  the  ghisscs  to  cool  a  little ;  Ofn  resnovi] 
upper  ghi88^  it  will  be  found  lined  with  yellow  crystals, 
which  should  be  rapidly  transferred  to  the  stage  of  this 
8co|ie  for  examination  as  a  transparent  obJ€?ct;  itncfl 
beautiftd  red  wHll  be  seen  shooting  thi*ough  die  cryslnl,  ttni 
it  has  entirely  clianged  colour :  during  tlie  time  it  isV^ 
colour,  it  will  also  be  seen  to  change  its  form*  If  it  Lt_  ^  ,_  .  X 
on  the  stage  of  the  microscope  very  carefully  and  gently,  ths 
crystal  w^ill  sometimes  remain  a  considerable  time  l»cfare  tl 
begin;*  to  change  colour ;  in  that  c^se,  if  it  be  touched  wiltl 
tbe  point  of  a  pin,  the  red  Unes  will  be  seen  shooting  very 
beautifully  from  the  point  of  contact  For  a  knowledge  vi 
this  Wautiful  m!cn>scopic  object,  Mr.  Varlcy  states  that  h 
was  indebteil  to  Mr*  Morson.*^ 

More  recently  the  changes  of  coloiU'  in  the  Inniodkte  ban 
been  investigated  with  great  care  by  Air.  Warlngton^  ami  ai 
account  of  his  experiments  published  in  the  first  volume  el 
77wf  Memoirs  of  the  Oirmical  Society,  to  w^hieh  tlio  atttboff 
would  beg  to  refer  the  reader,  as  the  method  of  vie 
crystals,  both  by  ordinary  and  polarized  Ught,  is  ratlier 
fkira  that  described  by  Mr.  Varley.  The  paper  is  also 
nbhed  with  illustrative  diagrams,  and  with  an  account  of 
apparatus  employed  for  tlie  due  display  of  the  crystals. 

Tongue  of  the   Whelk  and  Limpet, — In   the    several  I! 
of  animal  ^tinctures  before    drserihed,    the    tongue   of 
Uuccinum  or  Wlielk,  and  that  of  tlu^  Patella  or  Limpet, 
loeMgptally  omitted ;  and  as  this  organ  in  these 
IS  of  gn^at   intrrc?<t  to  the  microscopist,  a  few  hints 
tug  and  tu«nuiting  of  tlie  sjwne  may  not  be  out  of 
*e  tongue  of  the  Whelk  is  contained  within  a 
rge  size,  which  is  capable  of  being  ptotmded,  and 
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%M>mg  again  quickly   retracted   witlilti   itself^    in   the  same 
manner  as  the  fingor  of  a  glove ;  the  tongue  is  of  a  horny 
iMBtructure^  covered   with   epines   and   ho*.»ka  of  silica,    which 
Hare  arranged  in  {)arallel  rows;  it  is  Bustained  by  two  long 
fticartjlages,   who^e   extremities    form   two   Iip«   that    can   be 
eeparated  or  approximated;  or  the  cartilages  can  be  made  to 
move  upon  each  other  by  the  nia^  of  muscles  in  which  they 
ii  are  imhedtled.      When  the  cartilages  move,  the  spines  are 
elevated  and  depressed  alternately ;  and   by  a  repetition  of 
similar  movements^  the  liardest  shells  are  8|>cedily  perfonitcd.* 
The  proboflcis  is  easily  found  when  the  ariimsd  is  tsiken  out  of 
the  shell;  it  should  be  slit  up  with  a  pair  of  scissors  or  a  scal- 
pel, and  as  soon  as  the  tongue  is  reached,  it  may  be  easily 
separated  froui  the  cartilage  to  which  it  is  attached ;  after  a 
elight  wailing,  or  even  maceration  in  water,  it  sliould  be  laid 
on  a  alide^  with  its  spiny  side  uppermost,  and  pressed  quite 
flatj  80  that  in  drying  it  may  adhere  to  the  ghisa ;  it  should 
then  be  enrrouudcd  with  a  cell  of  paper  or   caixl-buai*il,  and 
the  cover  cemented   down  either  with   sealing-wax  or  the 
electrical  cement ;  if  required  for  polarized  light,  a  specimen 
mounted  in  balsam  will  answer.     A  j^iower  of  forty  diameters 
ifl  sufficient  tor  examining  this  remarkalde  organ,  which  can 
be  viewed  either  as  a  transparent  or  as  an  opaque  object. 

The  tongue  of  the  Patella,  or  Limpet,  though  not  so  beau- 
tiful a  structJire  as  that  of  the  AVHielk,  is,  nevertheless,  a  very 
interesting  object ;  it  is  remarkable,  also,  for  its  lengtli,  being 
often  three  times  thni  nf  the  b<xly;  it  is  supported  on  two 
cartilaginous  pieces^  plarrd  on  each  side  of  its  root;  from 
tlicse  arise  strong  and  short  muscular  bands,  which  move  tlic 
organ*  Tlie  surface,  like  tliat  of  tlie  A\Tielk,  is  covered  with 
spines,  or  teeth,  placed  in  transverse  rows^  and  arranged  in 
three  series;  each  central  group  has  three  or  four  spines, 
but  those  on  tiie  sides  contain  only  two;  the  anterior  part 
should  be  selected  tor  examination^  m  there  the  teeth  are  Uic 
firmest  On  opening  the  body  of  the  aniiuab  the  tongue  is 
eeen  doubled  up  upon  itAclf»  and  folded  in  a  spiral  manner, 
•   General  OtUline  of  ihf  Animal  Kingdom,      By  T.  Ernier    Jones, 
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from  which  situation  it  can  readily  be  detached**  In 
qiience  of  its  lengthy  this  tongiie  cannot  be  mounted  in 
same  manner  as  that  of  the  Whelk ;  tlic  best  plan  to 
IB  to  coil  it  up  ill  a  tubular  ceU,  and  mount  it  in 
short  lengths  may  be  dried,  in  oi'der  to  display  the 
tore  of  the  teetk 

Some  of  the  Gasteropoda  are  provided  with  a  mngculi 
gizzard,  armed  mth  gastric  teeth  of  stony  hiirdness;  tin 
are  also  interesting  fiubjcct^  fur  examination,  the  larger  kind 
may  be  ground  down  thin^  and  viewed  as  transparent  abject^ 
whilst  the  anialler  can  be  mounted  aa  opaque  objects, 
examined  in  eitii.  The  principal  genera  in  which  the 
teeth  may  be  .^een,  are  Bulla,  Scyl]a?a  and  ^Vplysia ;  but 
most  reuiai'kable  forms  oceur  in  the  last  mentioned  genu& 
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Afrfftods  of  Examinmff  Specimens  of  Morbid  and  otfier 
tures*—'Yhi,\^A*i  who  devote  their  attention  to  the  exauiii 
of  morbid  i^^triietures,  viz.,  members  of  the  medical  profei 
are,  perhapi*^  by  far  the  most  numerous  class  of  mic 
observers,  and  certainly  the  advancement  of  the  healii^ 
is  the  nol>Iest  of  all  uses  to  which  so  ixjwerful  an  ati 
%B  the  microsc^ojie  can  ever  be  applied*      It  has^  ther 
been  thought  advisable  to  give  a  few  practical  hints  on 
best  methods  tluit  arc  now  usually  adoptcil  of  exainintng  i 
fluidd  or  solids,  whether  morbid  or  otherwise.    For  tlie  pur 
of  making  a  correct  microscopic  analysis  of  many  fluid^^  i 
chemicabwillbe  required  ;  these  should  consist  of  liq,  pot 
aaunonia*  scther,  and  alcohol,  acetic,  nitric,  hydrochloric,  \ 

*  Cyehpwdia  </  Anaimi^  ami  Phgnoiog]f^  Vol  tX^  artide 


sulphuric  adds,  both  in  the  concentrated  form  and  dihituiL 
ti»getlier  with  a  few  test  tnbes  and  watch  glasses,  and  other 
equally  simple  apparatus,  in  aildition  to  the  curved  and  straight 
tubes  represented  by  fig.  75,  In  the  case  of  solida,  the  vai'ious 
kinds  of  scalpels,  dissecting  needles,  and  the  ViUentin's  knife, 
will  all  be  required. 

If  the  flubjcet  for  examination  be  of  a  fluid  nature,  such  as 
blood,  pus,  mucus,  &c.,  the  plan  generally  adopted  is  to  take 
out  of  the  containing  vessel  a  very  small  quantity  of  the  fluid 
by  means  of  one  of  the  tubes  shown  at  fig.  75,  or  any  other 
ctiuvcnient  instrument,  and  to  lay  the  same  upon  a  slide 
wiped  perfectly  clean,  and  to  cover  it  with  a  piece  of  thin 
glass ;  if  there  be  any  sediment  in  the  fluid,  it  should  be 
allowed  to  subside  before  the  examination  takes  place,  and  the 
tube  should  then  be  carried  to  the  bottom  of  the  vessel  before 
the  finger,  as  shown  in  flg,  75,  is  taken  oJf  the  end ;  the  sedi- 
ment can  then  be  transferred  to  the  slide.  If  it  should  be 
necesaary  to  apply  any  re-agent  to  the  fluid  or  solid  under 
^^^  examination,  a  smull  f pinntlty  may  be  brfniglit  in  contact  with 
^^^one  of  the  sides  of  the  cover,  when  it  will  gradually  insinuate 
I  itsell'  between  the  glasses,  and  act  slowly  on  what  is  contained 
I  tlicre ;  in  other  cases,  the  cover  may  be  lifted  up,  and  a  small 
I  quantity  of  the  re-agent  added,  and  the  cover  quickly  re- 
I  placed,  care  being  always  taken  that  no  foreign  matters  gain 
^^^ entrance  into  the  fluid  from  without  In  the  case  of  blotxl, 
^^■the  fluids  that  require  to  be  added  are  generally  onlinary 
^PP water,  serum,  and  sugar  or  salt,  dissolved  in  water;  but  in 
the  case  of  pus  and  mucus,  which  approach  each  other  so 
closely  in  many  of  their  characters,  it  becomes  of  great  im- 
portance to  have  some  test  whereby  they  may  be  distinguished 
one  from  the  other;  the  fluid  employed  for  this  purpose  is 
acetic  acid;  when  this  is  added  to  a  fluid  where  pus  is  present, 
the  globules  swell  up,  and  several  large  transparent  nuclei 
make  their  appeamnce ;  but  when  the  simic  acid  is  added  to  a 
thud  where  mucus  is  present,  the  globules  enlarge  and  show 
tlicrr  nuclei,  but  not  so  plainly  as  the  pus ;  and  the  liquid 
termed  liquor  rouci,  in  which  the  globules  float,  ie  instantly 
coagulated  into  a  semi-opaque  corrugated  membrane.     The 
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presence  of  fatty  matter  ie  ascertained  by  sulphuric 
wliich  readily  dii^solve8  the  oily  part,  and  leaves  the 
branoua  cell  walls  im touched.     Earthy  matters  require  i 
of  the  acids  for  their  solution ;  these  should  not  be 
too  concentmted  a  form,  in  order  tliat  their  sol  Tent 
may  he   the   more  easily  witnessed,      Solid  parts*    em 
tmuours,  that  are  to  be  examined  as  transparent  objects^ 
high  powers,  require  for  the  purpose  to  be  cut  uito 
ingly  thin  slices,  and  separated,  if  necessary,  by  the 
points ;  the  sections  are  to  be  placed  upon  a  glass  alic]e» ; 
little  serum,  or,  in  the  absence  of  it,  white  of  eg^,  in 
should  be  adtled^  in  order  to  float  out  certain  of  the 
to  lessen  the  refraction  of  the  Ught  at  the  etlges  of  Uic 
water  will  answer  the  purpose  for  some  of  the  hard 
hut  where  nucleated,  or  otlier  cells  and  nervous 
present,  its  use  is  inadmissible,  as  it  is  so  liable  to 
true  appearance  of  these  structures.     The  sectionfi  imiy 
made  with  a  razor  or  scalpel;  for  solid  oi^ne,  such  as 
liver  and  kidney,  Valentin's  knife,  described  and 
page  318,  will  be  found  exceedingly  useliiL     It  is, 
as  well  here  to  state,  that  the  examination  of  all  morbid  \ 
tures  should  be  made  as  soon  as  convenient  after  their 
from  the  body,  as  changes  of  form  in  the  softer  sul 
speedily  take  place ;  but  if  some  time  has  elapsed,  the 
from  which  the  sections  are  taken  should  be  at  some 
dist^ince  from  the  surface,  in  order  that  they  may  be  as  lit 
altered  as  possible  by  the  action  of  the  air. 


CHAPTER  XX 

TERT  OBJECTa 

Ji'OB  this  important  class  of  objects^  to  which,  ill  a 
inuKt  be  a«cribe(]  the  mpiil   atlvanoemeiit 
fif  tlu'  arhfimmtic  cotufound  nitaposixipe. 
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Jebted  to  the  late  Dr.  Goring,  who,  it  is  said,*  was  letl  tu 

Jopt  them  by  reading  a  passage  in  the  works  of  Leeuwenhoek, 
chiting  to  the  exaniioation  of  the  ecaJea  from  the  wing  of  the 

Ik-worm  niothi  tlie  Unee  on  whieh  could  not  be  eeen  by  the 
aman  with  so  low  a  jMJWer  m  that   ii^ed  by  the  great 

iicro6a>pist  himself.     At  tbe  time  of  Dr.  (joring'a  first  eiiw 
doyment  of  these  objects,  he  ascertained  that  the  structure  of 
^ertani  of  them  could  be   readily  made  out  by  some  inicni- 

dpes,  and  not  by  others;  and,  inferring  that  there  were 
ae  peculiar  [iropertieB  in  the  lines  on  the  feathers  and  scales 
nf  certain  insects,  which  rendered  them  more  difficult  of  defi- 
nition than  others,  he  was  induced  to  view  them  through  an 
achromatic  microscope,  and  was  led  to  the  discovery  that  in 
it  there  were  two  di&«tinct  [K)wers,  viz.,  defining  ami  [Kcne- 
trating,  and  tliat  an  object-glass  might  i)ossc8a  the  one  almost 
to  perfection,  and  yet  be  totally  devoid  of  the  other,  or  might 
be  perfect  in  lioth.  He  subsequently  made  the  iiu[>ortant 
discovery,  that  the  penetrating  (x>wer  de(>ended  on  the  angle 
of  aperture  of  the  ulijcct-glajss ;  Ur.  Goring  communicated  the 
result  of  his  luboui-s  to  the  scientific  public  in  the  journal  of 
the  Royal  Institution*  and,  in  1829,  gave  a  more  practical 
account  of  the  same  in  tl»e  ^firrojtcapic  Illfastratiamt  of  Mr, 
Andrew  Pritehard,  to  whidi  tlie  reader  is  referrecL  Dr. 
Goring  divided  test  objects  into  two  classes.  In  the  first  he 
placed  tliose  which  it  waa  neceaaary  to  examine  out  of  focus, 
such  as  minute  globules  of  mercury,  called  **  artificial  stars,^ 
by  these  tlie  aberrations,  achromatism,  centering,  &c*,  were 
ascertained;  and  in  the  second  the  lined,  or  uther  objects, 
whieh,  according  as  they  were  well  or  ill  defined,  aftbrded 
sufficient  evidence  of  the  merits  of  the  instrument* 

Mr,  Pritchard,  following  Dr.  Goring,  divides  test  ol)jects 
into  two  claasca,  viz,,  into  those  that  are  te^ts  of  tlie  pene- 
trating, and  those  of  the  defining  power  of  the  instrument: 
the  word  defining  power,  according  to  Dr.  Goring,  meaning 
nothing  more  than  a  destitution  of  both  kinds  of  aberration, 
considered  independently  of  the  aperture  of  the  raieroseope, 
and  that  of  penetrating  power  merely  a  large  angle  of  a|>er- 

^  Miera§cop*i^  CobinH,  by  Andrew  rriti:h>u<tL     Loudati,  1832,  p.  137. 
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ture.*  Although  this  Ji^tiuetiou  of  te^ta  wad  neceoiarf 
the  time  when  Dr.  Goring  wrote,  auch  ie  not  the  caiae  now; 
the  wondertul  improvenient-s  that  have  taken  {Jacc  io  ibe 
construction  of  achromatic  object-glaeBee  within  the  last  fiftooi, 
yeai^,  whereby  all  the  errors  of  aberration,  centexifi^ 
acliromatisin  have  been  so  correctly  balanced,  have 
tlie  microscope  the  must  pedect  and  efficient  iostruuieiii 
*'ever  yet  bestowed  by  art  upon  the  investigiitar  of  nature.^ 
The  division  of  tests,  therefore,  into  those  of  penctivtmi 
uud  definition  is  no  longer  needed,  and  the  word^s  Je&iflBg 
j)owcr  and  definition  will  be  the  only  expressions  employed 
to  denote  the  good  or  bid  qualities  of  any  niicruecupc,  for 
in  order  that  an  uljjeet-gUas  may  sliow  the  tests  enutuecmiod 
by  Mr.  Pritdiaixl,  under  the  head  of  "  Penetmtkwi,*  in 
a  {>erfect  mamier,  its  definition  or  defining  power  intisl  be 
of  the  first  order,  and  these  terms  are,  tlierefore,  sufKcientljr 
explanatory  of  the  priucipid  point  to  be  attended  to  is 
testing  two  or  more  glasses.  The  objects  wtuch  have  been 
chosen  by  the  author,  as  illustmtions  of  die  definitiogi  of 
uiicroflcopes  as  now  constructed,  are,  widi  few  additioiia,  of 
die  same  nature  as  those  employed  by  &Lr.  Pritchard^  ill 
1832,  and  published  by  him  in  the  Microscopic  C4 
Plate  XII.  of  that  work,  although  at  the  date  of  its  publ 
one  of  the  finest  specimens  of  the  kind  that  had  ever 
executed,  when  contrasted  with  Plates  V.,  VL,  VIL^  of 
present  work,  will  sliow^  better  than  words  caa  cxpi 
the  rapid  improvements  that  liave  been  made  in  the 
tion  of  the  object-glass ;  it  will,  however,  be  readily 
the  nuiyiiifying  |»owers  employed  in  die  latter  instance 
niuch  gniater  than  diose  used  by  Mr.  Pritclianl^  oonaeqiiestlljf 
a  greater  amount  of  the  detail  ought  to  be  shown  by  Hhs 
one  than  by  the  other ;  tins  remark  would  ntorc  espcciaUy 
rebite  to  fig.  4  a  in  Pkte  VL,  and  fig8^5, 6, 7,  In  Plate  VJi^ 
wliere*  the  linear  tiiagnifving  j>ower  used  was  l^^OQ.  BeforD 
euunieradng  die  ti^t-objeetei,  of  which  a  full  ex|ilanatiua  will 
be  presendy  given,  it  will  be  ub  well*  in  this  plfice»  to  idlude  to 
die  naaaaa  eiuplayi*d  lo  ucertain  die  defects  tbat  taiiy  be 
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ent   in   any   achroinatic   object-glaas ;    these    defecta,   u^ 
before  sUtcd,  are  chiefly  spherical  aod  chromatic  aberration, 

centering,    adjustment,    aclironuitit^oi,    and    want   of  angular 
Hi>erture.     Ml  theisc,  witli  the  exception  of  the  hist,  are  so 
i     diihcnlt  of  detection,  that  very  few  persona,  except  tliose  con- 
\     etantly  engaged  in  the    nianufaeture   and  testing  of  object- 
i     ghu:>»es,  can  he  isaid  to  be  capable  of  discovering  theiu.     The 
I     method   nsnally  adopted  to  ascertain  the   pree^enee  of  these 
f     dcfectii,  is  a  uniiute  gh>hide  of  mercury,  i^pread  upon  a  black 
ground ;  this  is  known  by  the  name  of  *'  artificial  star,''  and 
presents  a  niinnte  point  of  hght.      Dr.  Goring  alludes  to  the 
[      employment  of  an  enamel  dial-plate  and  wire  gauze  for  the 
^uiic    purpose^    but    only   the  njcrcury   is  now  used*     Very 
minute  globules  of  this  met;d,  spread  upon  a  blackened  sur- 
tiice,  are  viewed  aa  opaque  objects,  being  illiuninated  by  ordi- 
nary day-light  from  a  window,  or  by  tbe   light  of  ini  argand 
lujn[H  tlirowu  on  them  bvamnden^iug  lens;  when  one  of  the 
globules  is  in  focus  of  a  single  lens  objeet-glass,  a  strong  coma 
surrounds  the  miniature  image  of  the    window  seen  in   the 
gliibule;  when  the  globule  is  within  the  focus  of  tlie  object- 
.    glass,  the  light  of  the  window  will  be  seen  to  swell  out  into  u 
circular  disc;  tliese  ap|M?arances  are  more  or  less  accompanied 
liy  prismatic  coh>urs.      It  woidd  be  in  vain  to  attempt  a  de- 
scription of  all  the  changes  that  take  place,  as  tlie  globule  is 
I  trough  t  eitlier  within  or  without  the  focus;  these  have,  in 
souie  measure,  been  illustrated  in  one  of  Dr.  Goring's  papers, 
|Hiblished  in  the  Microscopic  llUtstrationM  of  Mr.  Pritchard,  to 
which  tlie  auUior  would  beg  to  refer  Ins  rcadei^s;  suffice  it 
here  to  say,  that  when  an  achromatic  combination,  that  is  per- 
fectly corrected   for   »pherieal  and  chromatic  aberrations,  is 
riujilDved,  the  globule  should  exhibit  similar  appearances,  both 
within  and  without  the  best  fiM^iis;  and  that  when  at  Uie  best 
lijt^us  the  [>oint  of  light  should  be  seen  as  a  minute  <hse,  free 
iVom  irnidiations  and  colour,  except  a  general  blucness,  which 
rcj^ults  from  the  irrationality  of  the  spectra  of  the  iliffcrent 
ghiMes  of  which  the  object-glass  is  eomt>osed. 

It  would    be   needless  to  enter  farther  into   this  compli- 
cated subject,  as  mreiy,  if  ever,  will  the  microscopist  find  it 
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aaCQflsaty  to  have  recourse  to  such  delicate  manipulation  to  try 
the  quality  of  hia  magoifying  powem,  more  especially  a«  tlie 
subjects  now  employed  jib  tests  of  their  definition  are  of  such 
value  and  ao  manageable,  that,  in  some  cases,  a  simple  inspec- 
tion, by  u  practised  eye,  will  at  once  detennine  the  respective 
merits  of  any  Jieliromatic  combinations,  as  well  as  the  amount 
of  skill  and  care  displayed  in  their  construction. 

Power  of  definition  depends,  in  a  great  measurej  upon  the 
anqk  of  aperture  of  the  object-glass,  and  correctness  of  defini- 
tion upon  the  balance  of  the  aberrations,  and  the  perfection 
of  the  workmanship.  As  it  is  of  the  greatest  importance 
that  tlie  meaning  of  the  term  angular  aperture  should  be  well 
imderstood,  it  has  been  deemed  right  in  this  place  to  enter 
into  an  explanation  of  the  same,  as  many  persons  unacquuinted 
with  the  subject  are  at  a  loss  to  conceive  how  more  light  can 
pass  through  a  combination  of  three  pairs  of  lenses,  than 
through  a  single  lens  of  equal  magnit^^ng  power. 

Anffk  of  Aperturt:— The  following  description  of  this  sub- 
ject, copied  from  the  Microjueopic  llbistratimis  \y(  Mr,  Pritchard, 
will  be  found  to  convey  an  excellent  idea  of  its  nature  and 
value.  "  Let  me  premise,"  says  he,  **  that  in  order  to  render 
any  object  visible,  it  is  necessary  that  rays  of  light  shoidd 
proceed  from  it,  either  by  reflection  from  its  siu^ace,  or  by 
transmission  through  it,  to  the  eye.  Again,  if  the  number  of 
rays  be  insufficient,  the  object  cannot  be  seen,  notwithstanding 
we  employ  a  microscope  for  the  purpose.  Bearing  this  in 
mind,  I  will  endeavour  to  explain  how  an  increase  in  angular 
aperture  in  an  objcct-gla^s,  independent  of  any  increase  of  its 
magnifying  power,  will  admit  a  greater  quantity  of  light  from 
any  pven  point  on  the  surface  of  an  olyect  to  pass  through 
the  lens,  so  as  to  render  the  structure  of  the  object  visible, 

"Let  A  and  a  represent  two  objects,  in  aU  respects  alike, 
and  let  us  employ  two  microscopes,  of  equal  magnifying 
powers,  for  the  purpose  of  viewing  them,  Suppose  that  wc 
are  going  to  look  at  some  spot  on  the  surface  of  A  or  a^ 
which  we  ^vill  imagine  to  be  a  dehcate  tissue.  By  a  well 
known  law  of  light,  the  mys  proceed  in  right  lines,  in  all 
directions  from  this  spot,  in  the  manner  shown  by  the  lines  in 
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233-4.      Suppose  B  B  and  /*  6  to  be  two  object-glnflses, 
'  equal  focal  lengths ;  the  former  a  single  lens,  of  the  best 
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Fig,  234. 


eonstructioDt  sucJi  as  was  used  in  tlie  old  eompoimd  micro- 
©cope,  and  the  latter  a  lens  of  the  newest  form,  termed  an 
achromatic,  NoWjtliese  object-glasses  will  form  their  respective 
images  at  I  and  t*  and  they  will  be  of  eqiml  dimensions.  But 
if  the  number  of  rays  proceeding  from  A,  and  falling  upon  the 
single  lens  B  B,  is  not  enough,  when  collected  at  I*  sufficiently 
to  stimulate  the  eye,  any  minute  jjore,  stria,  or  cither  marking 
at  A,  will  not  be  rendered  visible;  whilst,  from  the  increase 
of  aperture  in  the  achromatic  lens  bb  allowing  much  more 
lii^dit  from  a  to  fall  upon  it,  and  to  be  transmitted  through  it 
and  collected  at  i,  every  marking,  &a,  at  a  w  ill  be  clearly 
represented  at  i,  and  the  eye,  being  powerfully  acted  ujion 
by  ih'm  increase  of  light,  will  become  highly  sensible  of  it, 

"  The  angles  B  A  B  and  A  a  b  are  the  angles  of  aperture  of 
the  rcs|iective  object-glass4^8 :  and  the  quantity  of  light  col- 
lected and  transmitted  hy  each  will  be  as  the  scpnires  of  B  B 
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and  h  h,  the  local  lengths  being  equal  Hence  it  is  that  the 
jK>wer  of  a  microscope,  or  that  faculty  it  pcxaseaBes  to  pentfer 
the  structure  of  an  object  visible,  depends  upon  the  angle  rf 
aperture  of  its  object-glass,  and  not  upon  its  tuagulfying  power 
alone* 

"But  it  noay  be  supposed,  perhaps,  from  this  reasoning, ikit 
if  we  throw  a  greater  quantity  of  light  iq>on  an  object,  so  that 
more  may  be  eolleetcd  by  tlie  object-glass,  we  shall  be  tlie 
better  able  to  define  its  structure,  which  would  probably  be 
the  case  if  the  additional  light  eoultl  be  thrown  only  iipm 
those  minute  parts  which  we  wish  to  examine,  and  not  iJ|K)n  tlie 
wliole  object  But  ns  we  cannot  do  tliis,  as  the  increiige  of 
illuniinution  cannot  be  made  to  increase  tlie  relative  prtrporHmi 
of  light  wliich  proceed  from  these  minute  parts,  the  intended 
advantage  will  not  be  derived.'' 

Having  now  pointed  out  the  importance  of  angular  aper*  i 
ture  to  an  object-gla^,  when  all  its  aberrations  are  correctly 
balanced,  it  becomes  necessary  to  point  out  how  this  an^le  may 
be  nieajsured  witli  accunicy. 

Mi  thofi  of  Measuring  tlie  Angle  of  Aperture  of  Ob^ect-^lastes, 
— Various   plans  have  been   adopted  from  time    to   time  to 
uscertain  this  important  point;  but  by  far  the  best  of  all  \a 
that  proposed  by  Mr,  Lister,  in  his  jiaper  in  the  121st  volttmfl 
of  the  Pkilosophical  TraTumctions^p,  191,  which  is  as  follows: — 
**  Fix  a  piece  of  paper  on  a  table,  and  on  it  place  the  tnicn>- 
8Ci>pc,  With  its  botly  horizontal,  and  one  of  the  eye-pieces  on  ; 
set  a  candle  on  a  level  with  it,  a  few  yards  distant ;    then 
having  directed  the  body  of  the  instrimient  so  fur  on  one  side  ' 
of  the  candle  as  that  the  light  from  it  shall  bisect  the  field  ^ 
vertically,  leaving  half  of  it  dark,  trace  on  the  paper  a  line 
corresponding  to  the  side  of  one  of  the  legs;  now,  taking  the 
focus  of  the  of^ject-glass  a^  a  pivot,  turn  the  microscope  hori- 
zontally to  the  other  side  of  the  candle  till  the  opposite 
of  the  field  only  is  illuminated,  and  mark  agiiin  on  the  paper*^ 
the  position  of  the  side  of  the  leg.     The  measure  of  the  angle 
traversed,  shown  by  the  two  lines,  is  that  of  the  |>encU  of 
light,"  The  makers  of  the  object-gbisscs  do  no\  usually  employ 
a  niicroauopc  for  the  purpose  of  measuring  the  angle."*,  but  an 
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instrument  of  the  form  reprc^ntcd  by  fig,  235,  for  the  copy  of 
which  the  author  jb  indehted  to  Mr.  Iwoss;  it  connstB  of  a 


Fig.  235. 

piece  of  mahogany,  or  other  hard  wood,  of  a  semicircular 
figure,  about  half-an-inch  thick,  and  of  sufficient  radius  to  suit 
the  length  of  an  onlinary  compound  body,  the  curved  edjG^e  la 
graduated  into  180"^;  u|K>n  the  flat  surface  of  the  semicircle, 
a  strip  of  wood  or  index,  an  inch  or  more  in  lireadth,  is  made 
to  tm*ii  ui>on  a  pin,  as  seen  in  the  figure;  on  the  upper  surface 
of  this  index  two  crutches  are  fastened  to  receive  a  compound 
body,  provided  with  an  eye-piece  of  the  usual  Iluyghenian 
construction ;  the  object^lase,  whose  angle  of  aperture  is 
about  to  be  measured,  is  ecrewed  to  the  opposite  end  of  the 
body  to  that  of  the  eye-piece,  as  in  the  ordinary  c-om{>ound 
mlcroacopes.  The  mcthml  of  using  this  instrument  is  the 
same  as  tlnit  of  the  microscope  described  by  Mr.  Lister;  a 
candle  is  placed  a  few  yards  off,  and  the  instrument  is  so 
aiTanged,  that  when  the  index  points  to  zero,  the  field  of  view 
should  be  vertically  bisected ;  if  now  the  index  be  turned  so 
far  that  the  op|X)«ite  half  of  the  field  is  illmninated,  the  number 
of  degrees  passed  over  will  give  the  measurement  of  the  angle 
of  ajMjrturc  of  the  object-gla:^  required. 

In  the  early  days  of  achromatic  combinations,  the  angle  of 
aperture  was  small,  and  it  is  very  interesting  to  observe  how 
steadily  our  first-rate  opticians  have  been  progressing  towards 
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the  utinoet  limit  of  conceivable  perfection.      Aft  the  aubjeel 

is  BO  iini>ortiint,  the  author  has  thought  proper  lo  introduce 

in  thie  place  an  account  of  the  progress  Mr.  Horn  i 

jn  tnmfiiiiitting  angular  pencils  in  object  glasses  of 

foci  since  the  year  1832^  for  which  valuable  information  he  ii 

indebted  to  Mr.  Ko6S   himself,   who   has  kept  an  accunUe 

account  of  the   eame.      "  In  the  year  1832    he   made  for 

R  H.  Solly,  Esq.,  an  objeet-gkss,  oonfiisting  of  two  dotihle 

achromatic  combination e,  which  was  of  an  inch  focus,  and 

ti-uiitiiiiitted  a  pencil  of  14"-".     In  1833  he  constructed  tri{ilei 

after  the  plan  of  Tulley,  having  an  angular  aperture  of  18**. 

In  1834  lie  made  an  object-glass  of  one-fourth  of  an  inch 

wliich  transmitted  an  angular  pencil  of  55** ;  this  glaas  Ia 

in  the   autlior's  pocBOWon,     In  the  beginmng  of  the  year 

1836   he   constructed  a  triple  inch  glass,   with   an   angular 

aperture    of    15"^,   with    cemented    surfaces;    and    towanb 

the  end  of  the  same  year  he  made   glasses  of  OQe-<*tghth 

and  one-tenth    of  an  inch    focal   length,  wliich  transEiittted 

angular  j)eneib  of  BO"^  and  72**.     About  tliis  time,  in 

junction   with    Mr.   Liatcr,  he  constructed   an  incJi 

gla^  of  two  combinations,  the  form  of  the  front  lens 

suggested  by  Mr*  Lister  himself;  this  gla^s  waa  capabl 

transmitting  an  angular  pencil  of  22*^.     At  this  time  be 

constructed  one-eighths,  the  front  glasses  of  which  were 

of  the  form  suggested  by  Mn  Lister ;  these  had  an  a] 

of  63*=*  and  64** ;  he  continued  making  these  last  imtil  the 

1842,  when  he  increased  the  angle  of  aperture  of  the  ludf-inch 

to  44*',  of  the  quarter  to  63^,  and  the  one-cJghth  to  74*** 

In  the  year  1844  Professor  Amici  visited  tliis  country,  and 

brought  with  him  an  object-glaas  of  one-seventh  of  an  indi 

focal  length,  with  an  aperture  of  U2^  ;  this  combination 

in  part  composed  of  Dn  Faraday*s  dense  glass.     Mr. 

oo|Jed  Amici's  construction;  but  found  tlie  dense  glaaa- 

exeeedlngly  soft  and  fragilei  as  to  render  it  unfit  to  rcceira 

the  high  jYoHsh,  so  essential  to  the  correct  perfomumoe 

any  object-glaas:   he  also  noticed  that  Amici^s  gli 

nuich  tarnialied ;  he  tlien  demised  a  new  coni*tructiou,  wherehjFt 

with  the  ordinary  dense  glassy  he  obtained  an  aperture  fbr 
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rpeiiciU  in  the  one-eighth  of  85^,  and  in  one-twelfth  as  high 
m  135^,  the  lai^e^t  angular  pencil  that  can  be  ] Kissed  through 
a  inicrrtscopio  objeet-gWs.''  Ag  now  coiistnirtetU  the  angular 
apiTture-s  with  the  greatest  separating  nmgnifv  ing  power  of 
uhject-glasaes  of  different  focal  lengths,  arc  represented  in  tlie 
following  table: — 


roc^^gl^        Orr^l^^^^^n^m^.     A«|c«l.r  ^urv,     ^^J^S* 


2  inches, 

1        n 
i 
i 
i 


40  diameters, 
100         „ 
300 
500 
650 
720 


12|  dgs, 
22     „ 


SiJQW 


The  test  objects  now  generally  employed  for  ascertaining 
the  merits  of  any  a<  liroinatii'  combination  luay  he  divided 
into  three  kinda ;  viz*,  hairs  of  animal.^,  soaJes  from  the  wings 
and  bodies  of  insects,  and  the  siliceous  coatings  of  recent 
and  fossil  infusoria,  those  of  the  hitter  kind  being  the  most 
difficult  of  all  to  define.  The  following  list  contains  all 
those  that  Mr.  Topping  is  in  tlie  habit  of  furnishing  to  his 
cuatomers  as  test  object^;,  tliey  being  covered  with  the  thin- 
nest gla^,  in  order  that  object  glasses  of  the  highest  power 
may  l>e  employed  upon  them : — 


Bat, 

Larva  of  Denite^tca, 

Mole, 

MauBe, 

Rubbit, 

Squirrel. 

Ajiure  blue,  P.  nrgiaius, 

W  argua, 

Pontui  brnft^ica, 
Yanesfla  lo, 
Morpho  Menelnus, 
Alucita  pentadact^U, 
Cfltocfliji  nupto, 


Tinea  Teitiatiellii, 
Lepisma  aaochariiiay 
?«Klura  plumbea, 

atjunticat 

Ilipparcliift  jaiilra, 
Plumed  Gnat. 

Infusoria, 
Navieula  hippocampua, 

— = Speneeri, 

angulata  (llunil>er), 

(America), 

Tripoli  from  Kriidielberg, 


Kfuacular  fibre. 


a 
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From  this  list  the  author  hns  selected  a  certain  nmnbcr  of 
each  class,  and  highly  magnified  rcpresentiitioiis  of  tliem  »re 
given  in  Plates  V.,  VL,  VIL,  and  VIIL,  which  may  be  Icxilced 
upon  as  tlie  finest  engraved  specimens  of  these  minute  stnte> 
tures  that  have  yet  been  executed,  and  reflect  the  gres^es/t 
credit  both  on  the  artist  and  the  engraver,  the  original  ilrawiiigs 
having  been  accurately  traced  with  Mr.  Leonard's  well-known 
skill,  by  means  of  the  Camera  Lucida  applied  to  the  micFO-' 
scope,  the  power  employed  with  some  of  them  being  as  high 
as  2,000  diameters. 

Bafs  Hair, — This  beautifiil  structure^  represented  by  A, 
figs^  1,  2,  and  3,  Plate  V.,  is  obtained  from  a  species  of  \mU 
inhabiting  some  {>arts  of  India ;  it  is  remarkable  aa  presentii^ 
a  series  of  scale-like  projections,  arranged  in  the  form  of  a 
whorl  around  the  central  part  or  shaft;  the5»e  are  leait 
numerous  at  the  base  of  the  hair,  as  shown  at  fig,  2^  but 
gradually  increase  in  number  and  size  towards  tlie  apex,  as 
seen  in  fig.  1,  near  which  they  are  very  abundant^  but  do  not 
project  so  far  beyond  the  shaft:  this  may  readily  be  seen  hj 
contrasting  fig.  3  witli  fig.  1,  In  some  hairs  the  sneceaaioa 
of  whorls  resembles  very  much  a  serie>s  of  conical  bags  phiced 
one  within  the  other ;  the  principal  parts  of  the  hair  thai  form 
a  test  of  the  defining  power  of  a  half-inch  object-gtaaa,  are 
the  delicate  points  that  surroimd  the  upper  edge  of  each 
whorl ;  these,  with  a  well-constnicted  conibinationy  abotild  be 
shown  exceedingly  sharp,  and  the  whorls  themselvefl  made  i 
stand  boIiUy  out  from  tlte  shall ;  in  some  of  the  small 
of  Enghsh  bats,  the  whorls  are  arranged  in  a  spiral  form :" 
but  in  this  specimen  there  is  plainly  no  such  dispontion* 

Mouse  Hair. — The  hair  of  tltis  common  little  animal  differs 
materially  both  in  structure  and  in  size  from  tltat  of  the  hal 
above  noticeil ;  at  B,  in  Plate  V«,  are  shown  four  parts  of  a 
huge  dark  hair,  whilst  at  D,  in  the  same  pfaite»  ooCTflspoodbig 
portions  have  been  selected  from  a  smal]  flat  hair*  At  B  1 
is  diown  the  base  of  one  of  the  huge  hairs,  on  which  are 
'^  «narkings,  whilst  in  2  and  3  the  internal  stmcture  is 
Dular,  there  hei^g  three  or  more  aeOs  in  \ 
xF  thr  hnif  dspandbg  upon  the  graaler  or  I 
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araoynt  of  the  black  pigment  contained  in  the  cells.  When 
viewed  with  a  power  of  1(X1  or  20(7  diameters,  all  the  light 
parts  ehoiJd  be  shown  distinL'tly  from  the  dark,  and  the  line 
of  separation  of  tlie  two  correctly  defined.  The  apex  of  the 
large  hair  is  seen  at  4 ;  it  is  of  very  small  size  as  rompai-ed 
with  the  central  jKirtion,  and  exliibit^  no  trace  of  cell  in  its 
interion 

At  D  are  shown  fonr  part^  of  one  of  the  sniidl  Hat  haire 
from  tlic  same  animal ;  the  stnictiire  of  the  base  and  apex*  as 
Been  at  1  and  4,  is  similar  to  that  of  the  larger  hair;  but  the 
internal  character  of  the  intennediate  portions,  as  exhibited  at 
2  and  3,  is  very  different;  in  3,  the  ilark  cells  extend  entirely 
across  the  hair,  and  arc  arranged  at  equal  distances,  whilst 
at  2  a  rudimentary  form  of  ceU^^  containing  a  small  quantity 
of  pigment,  is  seen  to  occupy  the  central  portion  of  the  shaft. 
The  figures  represented  by  B  and  D  were  drawn  by  a  magnify- 
ing power  of  500  diameters;  but  as  a  test  of  the  defining 
power  of  a  half-inch  object-glass  they  should  be  cliiefly  employed. 
When  viewed  as  an  opaque  object,  this  hair  is  very  beautiful, 
the  dark  parts  will  then  appear  very  much  more  light  than 
tho.He  that  are  transparent,  and  the  structure  will  be  imaginetl 
to  be  quite  the  opposite  of  that  seen  by  transmitted  light 

Hair  of  tite  DemusteBn — This  very  remarkable  hair  is  ob- 
tained from  the  lana  of  a  smaU  beetle,  commonly  met  with  in 
bacon  and  hams  and  other  dried  animal  substimccs ;  it  is 
covered  over  with  brownish  hair^,  the  longest  specimens  of 
wliic'h  should  be  selected.  A\Tien  one  of  these  is  viewed  with 
a  magnifying  jx^wcr  of  200  diameters,  the  upper  part  presents 
the  appearance  shown  at  C  1,  and  may  be  said  to  consist  of  a 
shaft  and  expanded  extremity  or  head ;  the  shaft,  like  tliat  of 
tlic  hairs  of  some  other  larwe,  is  covered  witli  whorls  of  largo 
close-set  spines,  four  or  five  in  number  in  each  whorl;  thcso 
are  closely  arranged  one  above  the  other,  as  seen  at  2 ;  tlie 
upper  part  of  the  shaft,  near  the  head,  is  provided  with  seveml 
lai^er  and  more  obtuse  spines,  fonning  a  knob;  hIkjvc  this,  as 
seen  in  1  and  3  tlic  shaft  is  naked  for  a  very  short  distance ; 
it  then  becomes  invited  with  six  or  seven  large  filaments  or 
spiness  which  are  pdnted  at  their  distal  extremities,  and  pro* 
28 
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vided  with  a  small  protuberance  at  their  proximal  ends, 
by  slight  pre&sure,  they  may  be  separated  one  from  the 
as  seen  iit  3^  or  they  may  gometimed  be  detached  at  this 
aa  seen  at  L  In  the  early  days  of  tosting 
hairs  were  found  ratlier  difficiJt  of  definition,  and 
would  imagine  that  fig*  20,  in  Sir.  Pritchard^a  twelftli 
before  quoted,  was  of  the  same  nature  us  C  1,2,3,  in  Plate  1 
of  the  present  work.  This  very  beautiful  hair  now  foniii 
good  teat  of  the  defining  power  of  a  half-inch  objeet-gbf 

We  now  come  to  a  class  of  objects  much  more  diffictili 
exhibit  than  any  of  the  preceding,  these  will  form  excell^ 
tests  of  the  good  quail tiea  of  the  quarter  and  one-eighth 
an  inch  ohject-gl asses,  and  conBist  of  scales  removed  eii 
from  the  wings  or  the  boily  of  insects. 

Ilipimrchia  Jartira,  (Common  meadow  brown  btitterfly)^— 
This  test  was  first  shown  in  tins  country  by  Aniiet,  in  184^ 
by  his  object-glass  of  large  angular  aperture,  before  doacnlMfl 
at  page  39.  Fig.  1,  Plate  VI.,  exhibits  one  of  tliede 
magnified  50O  diameters;  on  it  may  be  seen  loQgi 
strise^  with  a  number  of  brown  spots  of  irregular  shape ; 
the  magnifying  power  is  increased  to  1,200 
brown  cells  are  made  more  evident,  but  the  striie  Wivl 
great  measure,  obscured  by  them,  as  shown  in  Plate  VII.,  fig,  1 

Poniia  Brasmca  (Common  cabbage  butterfy). — This 
like  that  of  the  H*  janini  above  noticed,  is  pro\-ided  at  its 
extremity  with  a  brush-like  appendage ;  when  magnified  50 
diameters,  it  presents  the  appearance  shown  by  Plate  VL,  Bg,  2 
the  8tria^  seen  on  it  arc  longitudinal^  which,  with  this  iM>wei 
appear  to  be  composed  of  rows  of  little  squares  or  bead* 
when  a  power  of  1,200  is  employed  upon  them,  the  slria^  ha^ 
between  them  elongated  dots  or  cells,  probably  of 
Fig.  5,  Plato  VTL,  represents  a  portion  of  fig.  2 
1,200  diameters ;  aod  fig.  6,  in  Plate  VIL,  a  portion 
of  the  coarse  scales  from  the  same  insect  viewed  under 
circiunstances. 

Pafyammaha  Argiolm  (Azure  blue). — One  of  the  del 

scales  fr ^■'    1      ..*:*tt1  insect  is  shown  at  fig,  S,  PIat« 

magiiiti  .«;  it  ejdiibiU  under  this  power 
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longitudinal  and  trangverse  striae,  the  latter  being  much  more 
delicate  and  difficult  to  detect  than  the  former.  Tliis  scale 
foriiis  a  very  good  test  of  the  defining  power  of  a  quarter-of- 
an-inch  object-glass. 

Scales  of  Podura  (common  springtail)* — The  body  and  legs 
of  these  tiny  creatures  ai'e  covered  with  seniles  of  great 
delicacy;  accoitling  to  Mr*  Pritcliard,*  their  value  as  test- 
objects,  ior  the  high  powers  of  the  microscope,  was  discovered 
by  the  late  Mr*  Thomajs  Carpenter^  of  Totteuham,  whilst 
making  some  e:?tpcriments  with  a  plano-convex  jewel  lens, 
adapted  as  an  oliject-glass  to  a  microscope,  provided  with  a 
Iluyghenian  eye-piece ;  since  his  time  they  have  been  em- 
ployed, even  up  to  the  present  period,  as  testa  for  the 
higher  powers;  but  many  persona  now  use  specimens  of 
infusoria  of  tlie  genus  Navicula  tor  the  same  purpose.  Two 
of  the  scales  from  the  body  are  reprcBented  l»y  tigs.  4  and  5, 
as  seen  under  a  magnifying  power  of  500  diameters;  that 
shown  at  fig.  4  ia  one  of  the  largest  that  could  be  procured; 
whilst  that  at  fig.  5  is  ver>^  small,  and  its  markings  exceedingly 
delicate.  Tlie  surface  of  each  appears  coverod  with  immense 
numbers  of  dehcate  wedge-ehaped  dots  or  scaJes,  arranged  so 
as  to  form  both  lonf][itudinal  and  transverse  wavv  markings; 
but  when  a  portion  of  fig.  4  is  magnified  1,250  diameters,  it 
pveaentd  the  appearance  &ho^ni  at  fig.  Aa  \  the  scales  may  then 
be  Been  to  stand  out  boldly  from  the  surface ;  at  the  upper 
part  of  the  scale  tlicy  also  project  beyond  tlie  e<]ge.  It 
would  appear  from  Mr.  Pritchard's  figure,  that  at  the  time  of 
the  publication  of  the  work  above  quoted,  nothing  but  longi- 
tudinal and  oblique  lines  could  be  made  out,  the  powers  then 
employetl  not  being  able  to  separate  the  longitudinal  ones  into 
a  number  of  verj^  minute  elongated  dots  or  scales,  and  the 
tranaverse  ones  into  rows  of  the  same,  arranged  somewhat  in  a 
wavy  manner.  The  smaller  scale,  fig.  5,  is  very  much  more 
difficult  to  exhibit  than  the  larger  one,  and  forms  a  good  test  of 
the  defining  power  of  a  one-tweh'th  or  one-eLxteenth ;  the 
markings  are  of  precisely  the  same  nature  as  those  of  the 
larger  scale,  but  are  much  more  difficult  to  bring  out 
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These  insects  abound  in  damp  cellai*8,  where  they  may  be 
seen  running  or  skipping  upon  the  damp  walla.  Mr.  Pritchard 
recommends  the  folly  wing  method  of  collecting  them,  viz. : — 
"  To  sprinkle  a  little  oatmeal  or  flour  on  a  piece  of  black 
paper,  and  lay  it  near  their  haunts  ?  after  a  short  time  the 
paper  may  be  removed  and  carefully  placed  in  a  glazcKl  ba^on, 
80  that  when  they  leap  from  the  paper^  on  being  brouglit  into 
the  light,  they  may  fall  inta  the  bason,  and  thus  separate 
themselves  tVom  the  bait.  They  sliould  be  Ciiutiouely  handled, 
and  placed  eitlier  iu  little  tubes  or  boxes,  with  earaphor  to 
preserve  thera  from  the  ravages  of  other  insecta.* 

Scales  of  lA'pisma  Sacrkarina.^Thc^  are  so  easily  made 
out  by  the  lowest  powers,  that  they  can  hardly  be  called  by 
the  name  of  tests.  Figs,  8  and  9,  in  Plate  VIII.>  re- 
present two  of  the  scales  magnified  500  diametei^ ;  the  lon- 
gitudiufd  striae  appear  to  stand  out  in  bold  relief,  like  the  ribs 
on  a  shell ;  they  are  smallest  at  the  lower  part  of  the  scale, 
and  increase  iu  breath,  and  become  more  prominent  as  they 
proceed  towanla  the  outer  margin ;  a  good  glass  should  define 
well  the  contrast  between  the  stri;c  and  the  interspaces, 

Seukjifrom  the  Gnats  iV'mg. — Two  of  these  are  represented 
by  figs,  1  and  2,  in  Plate  VIT. ;  when  magnified  500  dia* 
meters,  they  exhibit  very  bold  lougitmhmd  bands  or  strijif* 
which  project  beyond  the  end  in  the  form  of  spines;  in  the 
membrane,  between  the  longitudinal  strine,  there  is  sometimes 
an  appearance  like  the  watering  of  a  silk.  If  one  of  these 
scales  be  viewed  with  a  twelfth  of  90^  aperture,  numerous 
stride  will  be  seen ;  but  if,  on  the  same  scale,  one  of  1 30^^  be 
employed,  half  of  the  lines  will  disappear,  which  proves 
that  the  first  eftect  was  due  to  interference. 

BaUledmr  Scale  of  Poh/ommahts  Argiolus  (azure  blue). — 
One  of  these  elegant  scales  is  represented  at  fig.  3^  Plate 


*  It  is  said  tliat  the  French  opticians  employ  as  &  test  the  scales  of  a 
species  of  Podura,  namcil  Petrohiux  maritimusy  which  if  veiy  abtmcbmi  on 
the  tea  co&st ;  the  markings  on  these  scales  are  very  sti'ong  and  easily 
made  out  by  aeeond-riito  instTunipnt.s,  hence  some  caution  is  necessary 
that,  proper  scaleii  1*0  selected  ibr  eJt&njination,  the  beat  of  all  being  those 
of  the  kind  shown  by  fig.  £« 
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VIL,  as  fteen  under  a  magniiying  power  of  500  diameterd; 
when  badly  defined,  its  surface  appears  covered  witb  coarse 
lonptuilinal  strke;  but  under  a  gcxKl  object-^lass  the  atriai 
are  interrupted  by  anmll  ringa,  ba\iiig  a  bair-Ukc  projection 
from  the  centre  of  each ;  the  rings  are  at  some  little  distance 
nprut,  and  are  joined  together  by  minute  longitudhml  striie; 
in  the  lower  |>art  of  the  scale  there  is  a  curved  band  with  ita 
convexity  towards  the  point  of  attachment  of  the  scale,  which 
consists  entirely  of  minute  black  dots  of  pigment ;  the  stri^ 
between  this  band,  and  what  may  be  termed  the  c|uill  of  the 
feather,  arc  not  intemipted  by  rings,  but  consist  of  con- 
tinuous llnej?,  having  black  dots  upno  them.  A  good  defining 
power  should  show  the  dots  and  the  rings  with  the  connecting 
etrias  bctweon  each  very  distinctly. 

Scale  of  Morpho  Mawiaus. — A  scale  of  this  splenflid  butter- 
fly is  shown  at  fig*  4,  Plate  VII.,  magnified  500  diameters ; 
it  exhibits  strongly  marked  longitudinal  and  very  delicate 
transverse  stria*,  the  former  frequently  bifurcating.  In 
former  times  it  rerpiired  a  good  quarter  to  exliibitthc  trans- 
verse striie ;  but  the  balf-incli,  as  now  constructed,  wilJ  show 
them  reatlily.  In  taking  the  scales  from  the  upper  surface 
of  the  whig  of  this  bejiutlful  insect,  the  [>ale  blue  specimens 
should  be  selected;  many  of  these  have  a  thick  coating  of 
colouring  matter,  and  in  examining  a  series  of  them,  it  will 
often  happen  that  scales  will  be  seen  having  certain  spaces  or 
parts  of  their  surtaces  more  transparent  than  the  rest,  and 
without  any  trace  of  striae ;  this  is  due  to  the  removal  of  the 
pignicnt,  and  with  it  tlie  striated  layer.  This  object  forms  a  good 
t«st  for  the  half-inch  object-glass,  wliich  should  show  clearly 
the  transverse  striae ;  and  if  the  scale  be  pcrtectly  flat,  the 
strise  should  be  seen  over  the  whole  of  its  surface;  but  it 
generally  happens  that  they  are  only  well  defined  in  certain 
situations.  The  pigment,  under  very  high  powers,  exhibits  a 
dotted  ap[>caranc^  between  the  etnas.* 

For  mimy  years,  several  species  of  siliceous  infusoria  of  the 
genus  Navicula  have  been  employed  as  tests  j  but  with  im- 

*  The  structore  of  cerUin  scales  is  now  being  inv«Mit!giit«d  bj  Mr. 
Dc  La  Rue,  Mr.  Topping  having  directed  his  Attention  io  some  peculiar 
niarkings  on  iheir  surfiicei. 


438  MANIPULATION. 

proved  object-glasses  the  lines  or  dots  on  their  surfiu^en  can  be 
60  easily  mmle  out,  that  they  are  no  longer  employed  ;  but  in 
more  mmlem  times,  several  new  species  have  been  disooTereda 
which  even  now  require  the  aid  of  the  highest  powers  MOi 
most  earefiil  manipulation  to  show  their  true  eharactcrs;  the 
first  of  these,  and  tlie  one  most  easily  exhibited,  is  the  Am:Hmia 
Hippo€€tmpm.  This  beautiful  species  wjis  first  brought  under 
the  notice  of  the  microscopists  in  this  metropoUa,  by  Mr* 
Robert  Harric^on,  of  IIuU^  in  June    1841,  tlie  b  -  i] 

striie,  on  the  smftice  of  which,  he  wa^  the  first  tc  _..,,, ex. 
After  a  careful  examination  of  the  same  infusioria  «t  a  »nb- 
sequent  period,  Mr,  llaiTison  also  detected  transverse  stiw  as 
well;  but  these  he  found  more  diftieult  to  exhibit  tliao  die 
longitudinal  series,  A  representation  of  this  animalctilc  u 
given  in  Plate  VI I L,  fig.  1,  as  seen  imder  a  magaifying  pon^r 
of  500  diametersj  and  at  fig.  2  under  one  of  U200. 

It  will  be  noticed  that  the  so  called  longitudinid  and 
transverse  striae  are  resolved  into  dots,  which  arc  eo  arrmi^gcd 
as  to  present  under  object-glasses  of  low  power  the  appemiice 
of  longitudinal  and  transverse  lines,  ^Vlien  viewed  by  a  pow^ 
of  500  diameters,  it  is  readily  seen  that  its  surface  i»  gouto^ 
and  that  the  dots  are  projections  from  the  surface ;  a  cuirei 
structureless  line  runs  down  the  middle  of  the  shell  in  the 
centre,  and  at  each  end  the  line  is  expanded  into  an  oval  ipot; 
on  the  edges,  near  the  central  spot,  the  dots  are  eloogaled 
transversely,  and  afipear  as  so  many  short  bands*  This  epacaea 
of  navicida  is  an  excellent  test  for  a  quarter-of-aD-inch  objecrC- 
glass,  which  should  show  distinctly  both  sets  of  lines  or  dola 
by  oblique  illumination. 

Naviada  anffiikUa. — Tliis  exceedingly  beautiful  s{)ecie« 
fii*8t  found  upon  c<»nferv'a  in  the  Humber  at  Mull,  and  three 
of  lines  discovered  on  it  by  some  microscopiata  reaidkig  tbera ; 
since  then,  its  stnicturc  has  been  carefully  worked  out  by  Air, 
Gillett,by  an  improved  method  of  ilUnnination  and  of  mounting 
between  thingla^;  these  supposed  lines  have  bren  resolved  by 
him  into  minute  dots  or  elevations  from  the  surface,  which  are 
so  arrangcil  as  to  i)re«ent  both  longitudinal,  tmnsveract  and 
obi  <^*ig8i  under  certiiin  conditions  of  ilhimtnation, 

^^ULt  10  an   entire  ipecimen  eoan  under  a 
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ing  power  of  500  diameters;  aod  fig,  5  a  portion 
of  the  same  magnifieJ  1,200  diameters,  wliilat  at  fig.  6  is 
represcntt^d  a  ^till  more  bl^lily  magnified  view  of  a  portion 
of  anuther  speoimcn,  fur  wkich  the  author  18  indebted  to  Sir, 
Gillett,from  wht>^^  riijcrosi*ope  it  was  sketched  by  Mr,  Leonard; 
the  angle  of  inclination  of  the  dots  to  the  sides  of  the  shell 
was  found  on  measurement  to  be  51**  in  some  specimens,  and 
nearly  60^  in  otiiers.  Whenever  these  infusoria  are  viewed 
by  means  of  very  oblique  light,  the  appearances  presented  are 
those  shown  in  figs,  4,  5,  6  ;  but  under  the  most  favourable 
illumination,  cither  from  a  white  cloud,  or  a  lamp  with  dii'ect 
light,  and  a  magnify  ing  power  of  at  least  1,200  diameters,  the 
lines  are  all  shown  to  be  dots  or  elevations  from  the  surface, 
I  as  exhibited  as  tliey  occur  on  a  small  portion  of  the  scale 
^bbyfig.  7*  Fig8«  1«  2, 4, 5,  6,  are  aU  exceedingly  useful  in  their 
^Bvayi  to  show  how  by  very  oblique  pencils  of  light,  with 
^Kglasses  of  Bmall  apertmre,  dot^^  closely  approximated  may  be 
I       converted  into  lines. 

I  Another  very  goml  test  of  the  defining  power  of  a  micro- 

I  scope  is  the  ultimate  structure  of  voluntary  muscular  fibre, 
I  about  wliieh  many  differences  of  opinion  have  been  raised. 
The  most  excellent  specimens  of  this  beautiful  structure 
that  have  yet  been  shown,  are  those  prepared  by  Mr. 
^■BLealand,  from  one  of  which,  with  his  kind  assistance,  figs. 
^^  10,  11,  12,  have  been  drawn  by  Mr.  LeonarA  Fig.  10 
represents  a  [portion  of  a  muscular  fibre  or  fasciculus  of  a  pig 
magnified  600  diameters,  which  has  been  so  far  separated,  as 
to  exhibit  the  structure  of  the  ultimate  fibres  or  fibrillie. 
Fig,  1 1  is  a  specimen  taken  from  another  part  of  the  same 
preparation,  but  magnified  1,200  diameters ;  in  tins  it  will  be 
seen  that  each  fibril  is  composed  of  altcniate  bands  or  strijiea 
of  two  distinct  structures ;  but,  on  more  careful  examination,  a 
transverse  line  wiU  be  found  between  each  dark  band,  which 
gives  to  the  fibril  an  appearance  of  lieing  composed  of  a  linear 
series  of  more  or  leas  oblong  or  square  cells,  with  a  dark  sub- 
stance in  the  centre  of  each,  as  shown  in  fig.  12.  In  some 
caBeSi  aa  in  fig.  11,  tlie  transparent  cell  wall  cannot  be  easily 
seen,  the  dark  substance  extending  as  far  as  the  sides  of  the  celL 
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Mmtmla  S^fmeeriL — Eariy  in  the  preaetitjear,  ME^Matllieir 
MmtImJI  reerived  Wipe  ipecmicng  of  ting  q^ 
Bsikjt  of  Wot  Poiiii»  New  Yoric,  wIk>  aisled  tlvit  mo.  olgael- 
^Mip  txm^trucUd  hf  m  Tomig  artisl  rf  the  mme  cif  Speaoer, 
Hiii^  in  the  b«ck  woodi^  had  fhovn  three  seta  of  Hnea  oa  il^ 
when  other  g^MK9  of  eqoid  poorer,  made  bj  the  first  iJJigKA 
oplicayMb  had  eotndj  fiuled  to  define  thera.  Mr.  Mairiidl 
waa  anppBed  with  the  identical  ipectmena  on  wfaieh  Mr. 
flpcncef^g  object-gbaa  had  been  tried;  these  hare  amoe  bees 
eanfiilljr  examined  bjr  Mr.  Ifarahall  and  Mr*  Wmrren  Da 
La  Roe,  and  the  nature  of  the  maikiiigB  elearly  made  aoL 
Mr,  D<^  La  Bae,  baa  oh%ingly  fimushed  the  nutbor  with 
Plate  IX,,  in  wbidi  he  ham  fiutkuUy  delineated  a  apedtneo 
of  y*  Speneerii,  as  viewed  tinder  a  power  of  800  iammetxn, 
and  a  portion  of  the  same  magnified  1,900  ^ameten^  ftoni 
which  it  will  be  plainly  seen  that  the  lines  diaooTerod  hf 
Mr.  Spencer  are  in  reality  dota,  and  arranged  so  aa  to  exhibil 
both  transrerse,  longitudinal,  and  even  oblique  striae,  when 
viewed  bj  an  object-glass  not  capable  of  sepanitiiig  the  dote 
one  from  the  other,  Mr.  De  La  Bue  haa  farther  tOAde  oal 
that  the  dots  are  not  projections  from  the  mxrttuo^  but  mm 
either  perforations  or  depressions.  The  shape  of  the  abell  ia  not 
unlike  that  of  a  small  kind  of  X*  Hipprx^umpus,  which  Ae 
markings  also  very  much  resemble. 

Nal^rtM  Te$it^ — ^M.  Nobert,  of  Greifswald,  having  ooeo^ 
himself  for  wome  jean  in  the  manufacture  and  the  teath^  of 
a  ki^  compound  microeeope,  discovered  that  the  prodnctioiia 
of  naturei  which  had  been  almost  exclusively  used  aa  t^t 
objects,  were  more  or  less  difl'erent  in  the  nature  and  arrange- 
mcnt  of  their  markings^  hence  he  was  led  to  the  emplojinesi 
of  such  objects  for  compari^n  as  can  be  re<lucc<I  to  number 
aod  measurement,  as  modem  philosophy  requires  in  aU  ita 
parts.  Tlie  plan  adopted  by  ^L  Nobert,  is  to  etch  on  glaaff 
ten  separate  bands  at  equal  distances  from  each  other^p  ^^^^h 
bantl  lit  c^ompoaed  of  parallel  Unes  of  some  known  fraction  of 
a  Pmaiian  inch  part ;  in  the  first  band  they  are  ^-J^  and  in  the 
l«*t  ^lArs  ol*  ^^  *™^  quantity,  wliilst  the  «ight  intermedialc 
fj^Ttni       Willi   rpirnn!  in  the  distance  of  their  parallel  tfm^ 


brm  parts  of  a  geometric  aeries,  as  represented  ia  the  fbllow- 
table  :— 

ly",  001000 
0  ,  000857 
0  ,  000735 
0  ,  0006S0 
0  ,  000540 
0  ,  000463 
0  ,  000397 
0  ,  000340 
0  ,  000292 
0  ,  000225 

Ib  order  to  render  the  subjeet  more  intelligible,  the  author^ 
through  the  kindnesa  of  his  friend,  Dn  J.  Hughes  Bennett, 
has  been  enabled  to  give  the  following  represent^itions  of 
iL  Nobert's  truly  wondt  Hul  productions*  Fig.  236  cxhibita 
a  piece  of  gla^  of  the  eanie  si^e  as  the  originnl,  on  which 
in  the  centre  are  ruled  the  t^n  bantls  or  clusters  of  lines 
before  alluded  to,  the  entu-e  nimibcr  occupying  so  small  a 
space  as  the  onc*fourth  of  a  line ;  when  this  glass  is  placed 

under  a  magnifying  [)ower  of 
about  lOOdiameters;  thebanda 
containing  the  fewest  number 
of  lines  in  them  will  present 
the  apjK?arance  shown  by  fig- 
237,  in  which  are  exhibited 
the  lines  as  seen  in  four  of  the 


Fig.  2m, 


coarsest,  the  other  six  with  so  low  a  power  not  being  \iaible, 
and  even  those  in  the  fourth  band  requiring  some  care  in  the  il- 
lumination to  define  tliem 
satisfactorily.  In  order 
to  use  this  test,  the  hands 
are  viewetl  by  glasses  of 
<lifferent  focid  lengths,  in 
the  same  manner  as  any 
Fig*  237.  other  lined  objects,  and 

the  niunher  of  the  bands  with  their  lines  clearly  defined,  will 
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farm  a  good  criterion  of  the  merits  of  any  damnifying  power 
from  100  to  2,000  diameters.     Thus,  for  instance^  If  a  quarter 
of  an  inch  object-glass  be  employed  with  the   best  illumini- 
tkm,  nine  of  the  bands  may  be  seen,  and  the  linea  in  seven  rf 
them  clearly  defined,  but  still  no  trace  of  the    tenth  bud 
visible ;  if,  however,  a  twelfth  be  used,  tlie  lines  in  tlie  teotii 
may  be  shown ;  and  these,  although  the  —^  of  an  £ngliah  ttieil 
apju-t,  are  as  perfectly  etched  as  those  in  the  first  band,  whiek 
are  four  times  as  coai-se  as  tliose  in  the  tentlL       Of  all  tlie 
tests  yet  found  for  object-glasses  of  high  power,  this  would 
appear  to  be  the  most  valuable,  and  one  which   comes  very 
near  to   the  utmost  limit  that  the  position  of  a  line  can  be 
aecurately   ascertainei      M.  Nobert's  paper  is  putdisbed  is 
Pbffgendorf^s  Amialen  for  1846;  but  as  it  would  be  foreign 
to  the  object  of  tim  work  to  enter  bo  scientifically  into  tbe 
explanation  of  the  reasons  for  adopting  so  valuable  a  form  rf 
test  glass  as  JL  Nubert  has  done,  the  reader  is  referred  to  the 
paper  itself,  which  will  well  repay  an  attentive  perusal,  as  tht 
information  it  contains  is  of  the  highest  practice  iniportanoeu 
Accompanying   the  test  kindly  lent  to   the   author  by    Dr. 
Bennett,  was  another  glass,  on  which  were  et^ehed  in  a  similar 
manner  a  series  of  Unes,  the  -^l^  of  a  millimetre  apart ;   these 
were,  likewise,  beautifully  ruled,  and  the  surface  of  the  glass 
presented  a  rich  play  of  iridescent  colours. 

Method  of  Examining  Test  Objects. — For  the  purpoee  of 
examining  these  most  delicate  of  all  structures,  considerBbls 
care  and  skill  are  required,  the  more  so  if  two  object-ghuBOt 
of  equal  power  are  to  be  tried  one  against  tlie  other*  The 
usual  modes  of  illuminating  transparent  objects  have  already 
been  given  at  page  170,  where  also  will  be  found  the  descrij^ 
tton  of  the  different  kinds  of  apparatus  that  are  placed  I 
the  stage,  in  order  to  increase  the  brightness,  or  cut  off 
outer  rays  of  the  ilkmiinatlng  pencil.  The  objects  for  ( 
nation  should  be  perfect  specimens*  and  mounted  either  in  the 
manner  represented  by  figs.  190-1-2^3,  or  on  a  slide  of  tho 
usual  size^  and  covered  with  the  thinnest  films  of  glass;  aotne 
of  the  most  opaque  specimens  may  be  put  op  in  baksm,  but 
the  majority  are  far  better  seen  when  moonted  in  the 
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ray 


between  pieces  of  thi 

for  all  examinations. 


iass.     Day  ligbt  will  be  found  to 


tlie 


and  the  li^jht  reflected  from  a 


white  eloutl,  eave  that  of  the  eun,  the  brightest  that  can  be 
obtained.  The  mieroseope  having  been  |>laced  on  a  firm 
table,  in  a  suitable  situation  to  get  a  good  light  on  the  mirror, 
and  everything  ready,  the  object-gla^,  if  of  high  power, 
must  next  he  corrected  for  tlie  thickness  of  tlic  glasa  cover ; 
as  the  method  of  doing  this  was  not  described  at  page  159,  it 
will  be  jiropcr  to  mention  it  here. 

Method  of  Usin^  the  Adjnstinff  Ohject-glass, — As  the  high 
powers  of  ^lessrs.  Powell  and  Ko8S  have  the  same  kind  of 
adjusttnent,  the  following  directions,  drawn  up  by  Mr.  Rosa, 
%vill  answer  for  both ;  hut  those  of  ^Ir.  Saiith  being  of  a 
diiferent  construction,  will  require  a  separate  mention : — 

**  When  an  achromatic  objcct-glaaa  for  a  microscope  has  its 
aberrations  corrected  for  viewing  an  uncovered  object,  the 
correction  will  be  nearly  the  same,  whether  the  object  is 
seen  by  the  light  reflected  from  its  surface  as  an  opaque,  or 
by  its  intercepting  transmitted  light  as  a  trant^parent  one,  if 
these  objects  arc  properly  prepared  and  illuminated.  But  if 
it  be  neceesary  to  cover  the  object  with  glass  or  talc,  or  to 
immerse  it  in  a  fliiid,  the  aberration  caused  by  the  refractive 
and  di9i>ereive  power  of  tlie  interposed  medium  deteriorates 
the  perlbmiancc  of  the  object-gla^s. 

"  The  adjustment  which  is  given  to  object-glasses  of  high 
magniJying  power,  and  transmitting  large  angular  pencils  of 
light,  is  for  the  piu'posc  of  compensating  the  aberration 
resulting  from  tlie  various  states  in  which  an  object  may  be 
placedi  To  effect  this  there  are  two  lines  on  the  external 
part  of  the  object-glass ;  against  tlie  upper  line 
is  engraved  uncovered,  and  against  the  lower, 
covered;  there  is  also  a  small  square  piece  of 
brass,  or  tongue,  screwed  into  a  morticed  hole, 
with  a  single  line  upon  it,  as  shown  in  tig.  238. 
Immediately  above  the  lines  is  a  projecting  milled 
edge,  which  may  be  moved  independently  of  the 
other  part  of  the  object-glass^  giving  motion  to  the  part  marked 
uncovered  and  covered;  so  that  either  of  the  lines  may  be  made 


Fig.  2as. 
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to  coincide  with  that  on  the  tongue.     This   motion 
effect  of  separating,  or  bringing  nearer  togethcir  the 
which  compose  the  object-glass.     When  the  line  against 
nncovfrcd  is  engraved  coincides  with  that  on  the 
adjustment  is  perfect  for  Tiewing  an  opac^ue   or  uooo^ 
object;  but  when  the  line  against  wliich  emwreel  is 
coincides  with  that  on  the  tonguCj  the  object-ghiaa  10 
justment  for  viewing  an  object  covered  with  glass  or 
hundredth  of  an  inch  thick.     If  the  glass  or  talc  is  leas 
one-hundredth  of  an  inch  thick,  then  the  mark  on  the 
should  be  between  the  marks  covered  and  uncovered;  and] 
it  exceed  one -hundredth,  then  the  mark  on  the  tongue 
be   without  the   mark  against   wliich  covered  is   c: 
This  adjustment  must  be  tested  experimentally  by  tnov 
milled  edge,  so  as  to  separate  or  close  together  the 
nations,  and  then  bringing  the  obj<>ct  to  distinct  vision 
screw  adjustment  of  the   microscope.     In   tliis   prooesi 
milled  edge  of  the  object-glass  will  be  employed  to  acljtuit 
character  of  definition,  and  the  fine  screw  movement  of 
microscope  for  correct  focus." 

The  object-glasses  of  high  power,  constructed  by 
Smith  and  Beck,  liave  the  tube  of  their  fix)nt  lens 
and  fiuTushetl  with  a  screw  collar,  the  circumference  of 
IS  engraved  with  ten  divisions,  numbered  from  0  to  9 ;  this,  m 
the  gratl nation  on  the  milled  head  for  slow  motion,  gire 
means  of  obtaining  the  finest  performance  under  various 
cmnataneeei    The  following  directions  are  thus  given  for 
use: — 

1 ,  \VTien  the  tube  in  the  body  of  the  microscope  is  nol 
all  drawn  out 

If  the  object  is  unamertd^  screw  up  the  collar  of  tlie  object- 
glass,  till  0  stands  opposite  to  the  vertical  mark  on  the  lube^ 
its  two  or  more  horizontal  marksi  each  of  which  indicates  t 
revolution  of  the  collar,  being  all  fuUy  ex^)osed.  (This 
nearly  a-  ♦''^*  '^  the  screw  will  go  witJiout  strain.) 

If  iXv  is  c&vertd  with  glass  or  talc,  measure   tlm 

ths^  ""'  this,  taking  advantage  of  dust  or  spots  on  iha 

n  milled  head  for  slow  motion :  it  has  ila 
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livided  like  the  collar  of  the  object-glaas  firom  0  to  9  ;  every 
revolution  being  ten  divkiotis. 

Multiply  the  nuoiber  of  tli\i8ions  indicating  the  thickness 
by  (17,  if  the  ^^  inch  object-glass  ia  used  ;  by  119  if  the  |  inch* 
Then  set  the  collar  to  the  number  that  i&  the  product,  screw- 
inn;  it  dttfrn  from  its  Ibrincr  posiition^  and  pressing  up  the  tube 
of  the  front  lens;  and  the  adjustment  is  made. 

2ml,  When  the  tube  in  the  hotly  is  drawn  out,  increase 
the  number  to  which  the  collar  ia  set,  with  the  ^  inch  glass  as 
under : — 

For  1  inch  drawn  out  add  2.5  divisions. 

2  inclies     ...  ...     4        ditto, 

3  ditto       5        ditto. 

5  ditto        ...  ...     6        ditto. 

The  \  inch  glass  is  little  changed  by  lengthening  the  tube, 
but  one  division  may  be  added  for  each  of  the  fii*6t  four  inches 
drawn  out 


•^*  The  milled  head  for  alow  motion  gives  for  the  depth  of 
jf,^  of  an  inch  in  air  fifteen  divisionst,  in  glass  ten  nearly. 

In  order  to  test  the  merits  of  an  object-glass,  an  object 
suitable  to  its  power  should  be  employed ;  if  below  the  half- 
inch  no  achromatic  condenser  need  be  used  by  day ;  the  light 
from  a  white  cloud  may  be  reflected  by  the  mirror,  or  tliat 
from  an  argand  lamp  at  night ;  direct  rays  shoidd  be  first 
employed,  and  the  object  brought  well  into  focus ;  if  it  be  a 
lined  one,  the  concave  mirror  should  be  turned  in  various 
dircclious,  in  order  tliat  the  lines  may  be  dis?tinctly  seen ;  but 
the  light  should  not  be  too  oblicpic,  as  then  faUacious  appear- 
ances may  be  produced ;  if  the  achromatic  condenser  he  re- 
quired, the  plane  mirror  should  be  used  ;  and  when  tlie  object 
is  in  focus,  the  illuminating  leus  should  be  moved  up  or  down 
gently,  to  see  at  what  point  the  definition  is  the  best.  If  the 
power  to  be  tested  be  an  eighth  or  a  twelfth,  and  the  object  a 
rcry  minute  one,  a  half-inch  shoidd  be  fii'st  used  to  find  it  out 
^  and  bring  it  into  the  centre  of  the  field,  the  high  power  may 
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then  be  subetituted  for  the  lower  one ;  and  if  the  axes  of  the 
two  glasses  coinckle,  the  object  will  be  found  in  the  centre  rf 
the  field,  or  very  near  it    It  is  always  a  tedious  matter  to  finl 
a  minute  object  in  a  slide  with  a  high  power^  unlea^  a  small 
circle  be  marked  around  it ;  but  in  practice  it  will  be  fouad 
most  convenient  first  to  examine  the  slide  with  a  half-indi  or 
inch,  and  to  bring  into  tlie  centre  of  the  field  of  view  tht 
object  required.    Mr.  Gillett  adopts  a  very  excellent  metliod;  I 
he  searches  over  all  the  objectB  contained  in  a  slide,  and  paints 
a  circle  iiround  the  best  specimens,  and  makes  an  enlarged 
drawing  or  chart  of  the  slide  on  paper  with  all  tlie  circlee,  and 
within  each  circle  a  magnified  representation  of  the   obfecta 
contained  in  it ;  if  the  slide  and  the  chart  be  couipared,  tbo 
circle  witliin  which  the  best  6|>ecifnenfi  are  contained  can  be 
placed  in  the  field  of  view  without  much  difficulty. 

In  testing  the  merits  of  any  two  glasses  of  equal  power, 
same  illuminatioa  and  object  should  be  employed  with 
and  the  only  way  of  getting  a  measure  of  their  relative 
ifl  to  select  a  test  that  can  be  resolved  by  both,  and  that  glaas 
which  shows  the  lines  darkest^  and  all  elevations  the  moiC 
prominent,  and  t!ie  spaces  between  them  the  clearest,  may  be 
considered  to  jK-rfonn  tlie  best.  Particular  ciire  sliould  be 
taken  in  the  management  of  the  ilUuninationj  so  that  the  rajs 
be  not  too  oblique,  ns  it  often  happens  that  projectiona  are 
gliown  as  depressions,  and  depressions  as  projectiona  Objeels» 
the  intimate  structure  of  which  it  is  difficult  to  define,  afacmld 
be  examined  by  two  or  more  observers,  especially  sucJi  as  the 
Navicula  hippocampus  and  angulata,  in  which  an  appearance 
of  lines  is  given  by  dots  or  projections,  arranged  in  paralld 
rowBf  or  in  rows  alternating  with  each  other;  nothing  can 
more  plainly  illustrate  the  importance  of  tliis  proceeding  than 
figs.  2, 4, 5,  in  Plate  VU  I. ;  a  number  of  persons  have  carefnlly 
examined  these  under  the  power  by  which  tliey  were  dm^ 
and  have  set  down  on  paper  what  they  believed  the  marl; 
to  be  produced  by;  some  have  declared  them  to  be 
whilst  others,  whose  eyes  were  more  practised*  could  reaoli 
each  line  into  a  aeries  of  dots  or  <deMition0,  us  shown  in 
,3  and   7.     The  representationA  of  the  several  trst  nhir 
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iven  in  Plates  V.,  VL,  \T:L,  Vni.,  and  IX.,  will  form  an 
Kcellent  guide  to  the  amateur,  as  to  the  amount  of  dofinition 
bat  a  good  object-glass  of  eqiinl  magnifying  i>ower  to  that  em- 
ployed in  any  given  drawing  shoidd  exMbit,  as  CTcrj  specimen 
been  carefully  sketched  by  tlie  camera  lucida,  and  all  the 
aarkings  put  in  as  they  were  best  seen,  with  ghissca  of  great 
Dr  small  angles  of  aperture,  the  former  exhibiting  them  ad  dots, 
be  latter  as  lines. 


CHAPTER  XXL 

MISCELLANEOUS   HIKTS  ON   THE   HANAGEMENT   OF  TIW 
MICROSCOPE   AND   MICROSCOPIC   PREPARATIONS. 


AparhnenL — In  the  choice  of  a  room  for  microscopic  obser- 
Tation,  one  on  the  ground-floor  should  be  selected  in  which 
there  is  a  window^  having  a  northern  aspect,  and  not  over- 
shadowed by  trees  or  buiklings ;  a  firm  table  is  required  for 
placing  the  microscope  on,  and  in  order  that  the  latter  may- 
be at  all  times  ready  for  use,  it  should  be  covered  over  cither 
with  a  glafls  or  other  shade  when  not  employed ;  many  valuable 
observations  will  be  lost  if  the  labour  of  packing  and  unpack- 
ing of  the  instrument  and  apparatus  have  to  be  fretiuently 
repeated*  A  glas^  shade,  especially  a  stout  one  of  the  old 
make,  with  a  knob  at  the  top,  w^ill  be  found  to  keep  off  the 
dust  as  effectually  as  any  well  constructed  box  or  case. 
Drawers  and  cupbairds,  for  containing  preparations  in  bottles 
and  boxes,  will  be  found  very  convenient,  A  small  nest  of 
dniwers,  fitted  up  under  the  table,  will  be  useful  for  keeping 
thin  glass  covers,  spare  slides,  cutting  instruments,  &c.  In 
Uie  winter,  when  fires  are  in  use,  it  will  be  neiJessary  to  be 
careful  to  cover  over  any  preparations  that  are  about  to  be 
dried  before  being  mounted,  as  small  particles  of  carbon  are 
continually  being  deposited  in  all  situations ;  for  this  purpose 
small  shades,  such  as  are  employed  for  raising  young  plants, 
will  be  found  particularly  convenient 
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To  Clean  tfie  Optical  part  of  the  Microscope^ — In   iHilii  |i 

clean  the  glasses  of  the  eye-piece,  they  should  be  unscrewed, 
and  wiped  either  with  a  piece  of  clean  lawn  or  waak  leather; 
an  old  soft  camhric  handkerchief  will  be  an  excellent  miksti* 
tute  for  either.  In  the  case  of  the  object-glasses,  the  wiphf 
ehould  be  conducted  w^ith  great  care;  in  the  niajoritj  of 
instances,  a  caniers-hair  pencil  will  remove  any  dust,  but  foir 
all  other  purposes  the  leather  or  linen  will  be  required.  SoOM! 
persons  recommend  that  the  w^ash-leather  should  be  impreg- 
nated with  putty  or  crocus  powder;  both  this  and  the  Unea 
should  be  kept  i>erfectly  free  from  dust  in  a  box,  and  employed 
for  no  other  purpose. 

Glass  Slides  may  be  freed  from  all  grease  by  washing  thaoi 
with  potash;  the  Rev,  J,  B.  Keade  has  recormnended  an 
infusion  of  nut  galls  (which  contains  a  lai^e  quantity  of  tA*it*yrt 
acid)  for  the  same  purpose.  In  w^iping  the  slides  and  the 
covei*8  as  well,  be  careful  not  to  employ  a  substance  Hkely  to 
leave  any  nap  or  down  beliind,  as  coloured  filaments,  dariird 
from  table-covers,  pocket-hanilkcrciucfs,  &c.,  have,  more 
once,  been  mistjiken  for  highly  organized  structiircsip 

Cabinet  a  ami  Bores  for   holdimf  Micnnvopic  Olifects^ \ 

slides  generally  emploved  by  microscopists  are  of  one  of  ^k^- 
sizes  recommended  by  the  Microscopical  Society,  yiz,,  thr^ 
inches  by  one,  or  three  inches  by  onc-and-a-half ;  the  former 
ie  most  commonly  used.  Any  numl>er  of  these  inay  be  cut  of 
the  required  dimensions  by  the  board  and  ruler  de^scribc^  m 
page  242.  Objects  mounted  on  elides  are  often  required  to 
be  carried  about ;  for  this  pur|)osc  small  boxes  arc  used,  the 
sides  of  which  arc  provided  with  strips  of  wood,  termed  r«icA% 
having  a  series  of  grooves  cut  in  them,  at  equid  diataneot 
apart,  to  receive  the  ends  of  the  slides ;  when  the  slides  are 
placed  in  the  grooves,  they  may  be  kept  either  in  a  horizontal 
or  in  a  Tcrticiil  position;  some  persons  prc?fcr  the  fomier« 
others  the  latter  method.  Boxes  capable  of  containing  one  or 
two  dozen  objects  can  very  well  be  carried  in  the  pocket 
without  injury,  provided  the  cover  be  wcUpiuhlcd  and  preyed 
firmly  against  the  "'  r.f  the  slides;  others,  made  in  the 
shape  of  books,  aii  up  with  racks,  look  vciy  neat  wl 


ItiaOltXAXEOCS   HINT.^ 


449 


on  shelveai,  the  objects  contained  in  them  should  be 
kept  in  tlie  horizontal  {losition,  which  can  rcjujily  be  done  by 

havinjr  tlie  box  made  of  Rutfielent  breadth  to  contain  one  or 
two  t^lidcs  wlien  placed  horizontidlj.  The  chief  ineonvemence 
in  thia  mode  of  arrangement  is  the  difficulty  of  fin*ling  any 
required  object  quickly,  hence  it  will  be  found  in  |)raetice, 
w  lie  re  stowage  room  is*  not  of  nmcli  consequencf,  tliat  the 
plan  of  keeping  them  in  drawers  perfectly  flat  wiU  be  by  far 
the  iun.^t  advantageous;  some  personii?  prefer  bnvin;^  tlte  drawers 
dividcil  into  compartments,  cacli  one  of  which  is  only  capable 
of  holding  a  single  slide,  this,  besides  being  an  expensive  plan, 
is  not  always  neccs^aiy;  if  the  cabinet  be  large,  and  not  often 
moved,  the  divisions  raay  be  dispensed  with;  the  author  has 
kept  for  years  a  collection  of  anatomical  preparutiou.H  in 
shallow  di'awei's,  each  being  cnpjible  of  holding  nearly  one 
hundred  slides ;  no  compartment  of  any  kind  is  employed,  and 
in  no  single  instance  has  any  injury  befallen  the  spemmeoe. 
Tlie  author  of  the  work  entitled  Microscopic  Objects^  recom- 
mends the  tbllowing  as  a  convenient  size  for  a  fixed  cabinet, 
where  objects  are  required  to  be  kept  in  a  horizoutal  position, 
viz,,  "  twelve  inches  long,  nine  inches  wide  (fnim  front  to 
back),  and  one  quarter-of-an-ineh  deep.  These  are  the  inside 
measures  of  each  drawer,  which  will  contain  thirty*six  slides 
of  the  standard  size ;  viz,,  three  inches  long  and  one  inch  wide. 
A  cabinet  of  twenty  shallow  drawers  of  these  tliraenelons,  and 
four  deep  ones  for  opaque  objects,  will  form  an  excellent 
museum,  capable  of  containing  nearly  2,000  epecimena"  The 
following  plan  of  securing  the  slides  in  the  drawers  of  a  small 
moveable  cabinet,  ha\4ng  a^  many  as  tw^elve  of  the  latter  in  a 
depth  of  four  inches  and  a  quarter,  is  also  worthy  of  mention, 
the  width  of  the  drawers  from  front  to  back  being  six  inches:- — 
"  Into  these  shallow  drawers  the  slides  containing  the  objects 
are  kid  flat  in  double  rows ;  tiic  outer  ends  of  the  slides  are 
made  to  fit  into  a  ledge  in  the  front  and  bm^k  of  each  drawer; 
the  inner  cnA^  of  the  slides,  meeting  in  the  middle  of  the 
drawer,  are  kept  down  by  a  very  thin  slip  of  wood  covcretl 
with  velvet  In  tliis  way  the  slides  do  not  shake  when 
the  cabinet  is  moved  from  place  to  place ;  every  object  iji 
29 
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fiiFjeii  vxdKmt  reauyvaly  and  doe  bo  time  is  last  h 
ii&kifrtioQ.* 

Opar^ixr  objects  momiKd  cm  &»  ^kmjU  be  Isept  ib  dnvcR 
or  boxef  Imed  vidi  cofk.  uid  vdQ  pcvttcted  from  ds^:  eaci 
lEwr  dMiM  have  ehfaer  a  number  or  die  siiDe  of  die  ofc^ect 
written  on  it. 

LoJMUm^  SUet^  inc. — The  methodi  of  cottii^  sni  e^i^ 
giaai  dides  ka§  alreadv  been  given  at  F>g^  24^-^  Tkoee 
who  empknr  plate-gtass  generaDy  have  the  e^e?  of  tfadr 
filidee  either  gixffnid  or  polished ;  hot  othos.  who  preftr  ftatled 
crown,  ufoallT  cover  them  with  paper,  which  gives  them  a  neat 
appeanuKe.  The  dkles  that  are  protected  with  paper  are 
generally  those  ha\ii^  objects  on  them  moonted  either  in  the 
dry  iray  or  in  balsam ;  and  when  the  paper  is  thin.  Eke  the 
coimnon  blue,  it  may  often  be  laid  on  at  one  opendtian,  a  hole 
having  been  previously  ponehed  oat  of  the  centre  of  die  top 
and  bottom  pece  for  the  object.  Mr.  Tof^an^  and  odieis 
employ  green  or  blae  coloored  papers,  on  which  some  kind  of 
{jattem  is  printed  in  gold.  These  should  be  cat  of  the  wt 
of  the  slid*',  and  a  hole  punched  out  of  the  centre  of  each  for 
the  object ;  htri[>!*  of  thin  paper  are  then  to  be  fiasted  arouml 
the  e^l^^e.-?,  and  the  upper  and  under  surfaces  afterward? 
c/>vere*J  with  the  figured  pai>er.  Some  persons  stick  white 
labels  ujKjn  the  coloured  paper;  but  the  most  satisfactory 
metlKj^J  of  proceeding,  is  to  fiaste  a  piece  of  white  paper  upon 
one  end  of  the  slide,  and  to  pimch  out  a  circular  or  other 
hole  in  the  coloured  paper  that  is  pasted  over  it ;  by  these 
means  there  is  less  risk  of  the  label  being  lost,  as  it  is  doubly 
protectecl.  When  the  slides  are  not  papered,  the  name  should 
be  writt(fn  on  them  by  the  diamond  described  at  page  241 ;  it 
^  will  be  often  advisable,  when  fluid  is  used,  to  put  down  the 
name  of  it,  and  the  date  when  the  preparation  was  mounted. 
For  the  sake  of  cataloguing  the  slides,  the  opposite  end  to 
tluit  having  the  name  should  be  employed  for  the  purpose. 
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i?/ fWi/  ImpTovemmt  in  tlie  Stage  of  the  Microscope, — ^Early 
in  the  prt'SLvnt  year,  a  paper  was  read  at  the  Microsoopical 
Society  by  Mn  Legg,  on  an  improved  stage  for  the  micro* 
scope*  In  all  the  stages  previau^ly  made,  the  revdlving  plate 
is  placed  above  the  horizontal  and  vertical  movements,  tlicre- 
fore,  unlcsa  tliese  movementa  are  fixed,  any  object  placed  ui)on 
the  revoKing  plate  15  certain  to  be  lost  to  the  field  of  view  when 
this  18  turned  on  its  own  axis.  To  remedy  thijs,  Mr.  I^egg  has 
changed  tlie  poBition  of  the  revolving  plate,  and  placed  it 
below  the  other  movement**  instead  of  above  them.  Thia  ia 
effected  by  attaching  the  rcvohiiig  apparatus  to  the  foundation 
plate  of  the  stage  by  means  of  a  strong  dove-tailed  or  conical 
ring  working  freely  but  finnly  in  it;  when  in  n&e^  the  re- 
volving j>late  may  be  turned  witli  tlic  hand  or  by  an  endless 
screw;  upon  the  ring,  tlie  plate  having  the  stage  actions  is 
placed,  these  last  are  effected  by  nulled  heads  seen  on  eacJi 
side  of  the  stage,  the  lateral  motion  consisting  of  a  screw 
working  in  a  collar  connecteil  with  the  sliding  plate,  and  the 
vertical  by  a  pinion  fixed  on  Uie  fij-st  sliding  plate,  and  acting 
uix>n  a  rack  on  tlic  under  side  of  the  top  or  obj ectopia te ;  the 
whole  is  so  contrived,  as  to  traverse  the  entire  extent  of  the 
circle  and  pass  under  the  arm  of  the  microeicope  without 
impediment  In  fig*  239  is  shown  the  stiige  as  applied  to  a 
microscope  constructed  by  Messrs.  Smitli  and  Beck;  a  re- 
presents [jart  of  the  ann  supporting  the  compound  body  A; 
c  tlie  fine  adjustment;  d  the  tube  for  carrying  the  object- 
glass;  €€  Uic  milled  heads  of  the  stage  actions  (which  are 
double,  80  that  it  matters  not  which  aide  of  the  stage  10 
nearest  the  arm  n)x  ff  the  dips  for  securing  the  objects;  (^ 
tlie  ring  which  revolves  uj>od  the  foundation  plate  lu  When, 
2^ 
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therefore,  the  object  is  fixed  between  tlie  clips  ffy  it  oui^  1 
revolved,  and,  if  the  workmannliip  be  correct,  it  will  stfll  be 
kept  within  the  field  of  view,  or  only  80  much  out,  that  Ike 
most   trifliiig  adjustment  will  bring  it  back  to  the    cei 


li'ii 


m  w 


Fig.  239. 


This  contrivmcse  Mr.  Lcgg  states  is  mjetul  for  eji 
crystals  by  polarized  light,  as  well  as  Uned  objects,  whotlierl 
opaque  or  transparent,  when  it  is  desirable  to  ca^t  a  shadow  ill 
various  directions  without  moving  the  illumjiiatiiig  ^iparatiiflw 
hutrurnent  for  Cnttimj  Ctrcular  Coiners  of  Thin  Ohs», — At 
page  246,  it  was  stated  that  oval  or  circular  covers  mighi  be 
cut  by  a  macliine  in  wliich  a  plane  surface  of  wood,  on  whidi 
the  glass  is  laid,  is  made  to  revolve  either  in  a  circle  or  mral 
underneath  a  iliamond  point,  or  by  a  model  of  card*boiinl  or 
metal  around  which  the  writing  diamond  is  to  be  posHMl. 
The  little  instrument  represented  by  tig.  240,  which  baa 
lately  been  contrived  by  Mr.  G.  Shadbolt,  jun,,  to  whom  tlift 
author  is  indebted  for  the  sketch,  will  be  found  to  ansfror  1 
purpose  exceedingly  well.      It  consists  of  a  centnil  stem 
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«teel  wire  a  ti,  sliding  freely  iii  a  tube  of  braes  b.  To  the 
upper  end  of  tlie  wire  is  attached  a  disc  of  ivory  r,  and  to  the 
lower  a  small  cylinder  of  box-wood  d ;  to  the  lower  end  of 
r  the  tube  />  is  fastened  a  piece  of  bnis8 

*"^^y^  e,   through   which   is  made   to  slide  a 

ginall  triangular  bar  f,  carrying  at  one 
end  a  semicircular  piece  of  brass  ^, 
through  wliieh  shdes  a  steel  pin  /*,  armed 
w*ith  a  diamond  point ;  the  pin  may  be 
fixed  at  any  required  height  by  the 
screw  i,  and  the  bar  also,  (when  regu- 
lated for  the  size  of  circle  to  be  cut)  by 
the  screw/  Tlie  use  of  the  instrument 
IS  obvious,  the  cylinder  d  being  placed  in 
an  upright  position  upon  the  pieee  of 
tliin  glass,  and  the  ann  f  atljusted  to  the 
required  size  of  the  cover  to  be  cut,  a 
4/  finger  of  the  left  hand  is  to  be  placed 
u[>ou  the  disc  c,  and  one  of  the  right 
Fiiz,  240.  u|>on  the  edge  of  the  krger  disc  of  wood 

k ;  if  tiiis  last  be  revolved,  it  will  carry 
with  it  the  arm  bearing  the  diamond,  and  a  little  practice  wiU 
enable  the  o[»enitor  so  to  regulate  the  pressui'e  of  the  latter 
upon  the  glass,  as  to  make  a  perfectly  even  cut.  This  instru- 
ment  will  be  more  fully  described  in  Vol.  IL  of  the  Transac- 
thtis  of  the  3Iicroscopk'fd  iSot'irtt/. 

Improved  Appiwatus  far  Collectinff  Infusaria. — At  page  353 
.was  describetl  an  apparatus  for  securing  a  phial  to  the  end  of  a 
stick,  also  an  ingenious  contrivance  of  Mr.  Shaclbolt ;  since  the 
time,  however,  when  he  obligingly  furnished  the  author  with 
that  description,  lie  has  much  simplified  the  arrangement ;  the 
handle  employed  consists  of  two  joints  of  a  fisliing-rod,  as 
I  ihown  by  fig.  231a;  but  instead  of  the  upper  ferrule  being 
provided  with  a  screw  to  receive  the  ring  A,  a  piece  of  brass, 
having  an  oblong  square  hole  o  cut  in  it,  is  fastened  into  the 
ferrule,  as  shown  in  fig.  24 1  A  C ;  through  this  the  ends  of  a  etri  [i 
of  whalebone  arepaased,  and,  aceonhng  to  the  length  inscrteil, 
the  loop  r  may  l>e  mmle  Inrger  or  >*maller  to  receive  the  neck 
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of  any  kind  of  phial,  the  screw  B  serving  to  keep  the  wliale- 
bone  80  firm,  that  the  weight  of  water  in  the  phial  may  not 

^^^^^^ A  draw  the  ends  out  of  tha  braaa 

(  rJ^'--Ti^^-«^-=4^--T"'*^   For  convenience  of  package,  the 
\/     ^-""'^^^  whalebone  is  withdra>vn  fix>m  the 

>^  B<^^^yw  9      ferrule,  and,  when  made  straight, 

Uji ■ V — ^        is  slid  within  the  hollow  top-joint, 

^. — ■     -f  1 — * — ^        and  this  last  placed  within  the 
^'  241.  larger  joint;  the  whole  may  then 

be  used  as  a  walking  stick,  the  screw  B  ha\'ing  first  been 
properly  secured  in  the  lower  end  of  the  large  joint. 
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Bat «  hair,  432                                                ^^H 

Bmith%  103 

Blood.                                                               ^^H 

AehrotDAttc  micrcMoapo,  151 

circulation  of  to  mow,  :i3^                       ^^^^| 

AdAOUy  (korge. 

in  imtcrtfi,                                ^^^^1 

microAcope  of«  23 

in  hfth,  'SS^                            ^^H 

Adanw,  0«org<cjQn, 

in  fng,  3S7                           ^^H 

microscope  of,  24 

in  mammalia.  841                 ^^M 

micrometer  of»  1»0 

Rpedmens  of  in  vertebmU,  883                ^^^H 

Attjufltmctit  of  right,  166 

Bone,                                                              ^^M 

of  focus,  167 

apeoimenii  of,  389                                     ^^H 

Adirantiige*  of  polarized  light,  230 

aeetlona  of,  to  make.  297                        ^^H 

M^mm, 

to  mounts  2«J9                          ^^H 

Boonani,                                                           ^^^H 

Alcjooium,                                            , 

microacopo  of,  t                                         ^^^H 

specimenfi  of,  377 

Bounot  for  compound  bodj,  181                      ^^^H 

AJgiB,37i 

Li(ilor'#,  i:si                                                ^^^H 

AjUiQi, 

Leonard'is  132                                           ^^^H 

rdbctinf  microocope  of,  26 

Bottle  holder,  127                                            ^^H 

•dhromaiic  ol^ocWglaiA  of.  35. 3d 

Boi  oellfi,  262                                                     ^^H 

Angle  dafierUi]^  4126 

method    of    ocmonting,    265,                  ^^H 

method  of  moteunng,  488 

^^H 

Aninui]  tii»i3e«^ 

Boxes  fbr  objocta,  443                                      ^^^H 

io  di«B«ct,  324                                1 

Brewator,  Sir  David,                                         ^^^M 

obiMificAUoii  of,  ars 

jewel  Icnacs  of,  26                                       ^^^H 

Ammul  ohiect«, 

cliueificalion  of,  375 

^ooved  «phertt  of,  29                                  ^^^^M 

duld  object  gUuiCi  of,  34                           ^^^^| 

Animal  ^truciurctj. 

Built  up  cella,  260                                            ^^^H 

to  moimt  in  Coiudtt  biUiAm^  230 

^^^^H 

Animal^ 

^^M 

hair  of,  395 

CiRorm  roft  Ontwcn,  418                              ^^^H 

honia  of,  307 

Ceircii  fcir  anlmalottiisa^  1 14                              ^^^H 

I10Q&  0(897                                   1 

Cnmem  tnold%  m                                       ^^M 

Antenw  of  inaeeta,  880 

mode  of  eofiatructini^,  21 0                        ^^^H 

Aparttneiit,  choice  of,  447 

method  of  using.  2 1  i                              ^^^H 

Apbidca,  334 

liaeii  to  which  a^iptied,  213                          ^^^H 

Apparatua. 

method  of  making  diagtnma  hy,              ^^^1 

pularixing,  104 

for  ixtllecliiig  mfuaoria,  352, 15*  ] 

214                                                          ^^M 

Campani,  6                                                    ^^H 

^^^^^^^B                            ^^^^^^                             —^"^^^^^^^^^m 

^^^^^^^^^^^V           CaiLttdA  l>#lwnn, 

Circulation  of  blood.                     ^^H 

^^^^^^^^^^B                   to  mount  objects  in,  274 

in  frog,  SS7                             ^^U 

^^^^^^^^^^B                  to  mount  stectioDd^of  wood  in^  278    , 

in  tongue  of  fmg.  ^Zl*          ^^M 

in  oiammalU,  rii !                 ^^H 

^^^^^^^^^^H                                  foH^  infuftorift,  2SI 

Cironlatioa  in  pknu,  r.il            ^^B 

^^^^^^^^H                               fomxoMfera,  282 

to  Tiew,  843                              ^H 

^^^^^^^H           Omdlefilick,  140 

in  Chan,  842                          ^M 

^^^^^^^^^^H 

in  Groundiel,  347                   ^^M 

^^^^^^^^H                 to  feed  inftworia  with^  862 

in  Hvdrocharia,  345              ^^M 

^^^^^^H 

in  Nitella,  344                        ^H 

^^^^^^H 

in  Penatomon,  846                ^^H 

^^^^^^B                  E.  J.  Qiiekett'8,  263 

in  TradeftcanUa,  346             ^H 

^^^^^^^B                  Darker*  8, 

in  Valisneria  Spiimlia.  3i7          1 

^^^^^^^1                  thin  glaw,  2H 

ClaBsification,                                         M 

^^^^^^^^H                  ooncave. 

of  objects,  366                        ^^fl 

^^^^^^^H                  irhite  lead. 

of  animal  ikoanes,  375           ^H 

^^^^^^^^1                  Yakutine'8. 

Cleaning  lamp«v  18S                      ^^H 

^^^^^^^B 

«lides,  263                               ^H 

^^^^^^^^^^V                    Toppinjj^'ij  thitij  257 

Cobweb  mierometer,  10S              ^^H 

^^^^^^^H 

Ooddinfifton  lens,  48  ^^1 
CoUomm  toedif^,  to  riew,  414  ^H 
Co]oun»  of  polariied  llght^  S2S    ^^^| 

^^^^^^^B 

^^^^^^^V                            up, 

^^^^^^^H 

Compounil  miera#GOpe,  147         ^^H 

^^^^^^^^H                  deep,  to  mount  objects  id,  262 

Compound  achromalic  nlcf900^^^H 

^^^^^^^H                  K4iiDej'g.  201 

U7, 151                                ^H 

^^^^^^^H 

Yarlcr'n.  04                            ^^H 

^^^^^^^^^^H                   to  mount  opaque  objects  in,  293 

Dancor'A,  97                                 V 

^^^^^^^^^^H                   method  of  cementing,  247 

Powdl  and  Lealand'a,  74.  77       1 

^^^^^^^H                   with  md  nithout  heat,  248 

lvs«,8li 

^^^^^^^^^H                    with  marinc-^lue,  248 

Roea^a,  82,  85                                  1 

^^^^^^^H                   with  Canada  balsam,  250 

Smithandlkck>,laim  8$           | 

^^^^^^^H 

smaller.  PI          ■ 

^^^^^^^H                   apparatua 

»tuilezit  V  9Syfl|^ 

^^^^^^^H           Cellular  tiadue,  Tegetable,  867 

BfAnd,  parts  of,  89                    ^H 

^^^^^^^^H           Cements^, 

objeci-gUuiMa,  71                     ^H 

^^^^^^^H                  japanner's  gold-size,  267 

Compound  body,                             ^^M 

^^^^^^^H                  flealing-wBJC  ranuah,  267 

method  of  monniing,  70       ^^H 

^^^^^^^H                  aaphaltum. 

Comprcasorium,  121  ^^M 
Condenser,                                   ^^H 

^^^^^^^H                  Caoada  balsam,  268 

^^^^^^^m                  diamond,  269 

WolhuionX  100                    ^H 

V                                       doctnoal.  268 

achromatic^  101,  ITS              ^^H 

■                                       iDirEiM^lne,  268 

to  uae,  173                             ^^H 

■  thick  gum,  sea 

■  Chamber,  &ik,  100 

PoweUX  101                          ^H 

Row*t,  101                            ^H 

■                                 ChAn. 

Smiih'a.  108                        ^H 

H                                           cirt'ulAlion  in,  843 

GondenalngleiM^m                  ^M 

■                                         habitat  of,  351 

email,  108                            ^M 

■                                Gharia,  U,, 

Corals,  list  of,  379                         ^M 

■                                      leans  of.  di 

Corbt  loaded,  821                            «■ 

■                                 Cheeie-mi^  886 

Correction  of  olfjoetrglaai,  Bom\  liM 

■                                GbenUer, 

Coventry,                                             1 

H                                        idifomaSc  objcc^t-gtaas  of,  88 

micrometer  of^  191,  209                1 

Coven  of  thin  grUaa.  346                      I 

H                                Chimnej  of  lamp,  137 

CrvvtallbBation  of  salto  to  riew,  41LJ 

■                                     to  oleao.  III 

Cuff;                               ^H 

■                                       ahadiv  18T 

micttufoope  of«  20                  ^^M 

■                                  Chipping  of  wood,  312 

micrometer  e(  S3I»  190          ^^M 

H                                  Chnmiatic  aberration,  148 

CnJpeper^                                       ^^^H 

B                                   CiTCulation  of  blood. 

mfcrofir                                 ^H 

H                                        to  view,  8Si 

CultiTaUon                   ml#,  »49    ^H 

■                                         iiifiah,S85 

Currents  in  t ^  ^            mw  41.t    ^^H 

^H                                                                              ^^H 

^HCiuiUnce, 

Diai»ectiDg  microBcope,                                    ^^^^^ 

^H^        wood  tiecitoiu  of,  21 

{»oH4ibl6,  Roaa'a,  65                                    ^^^H 

^■Catlibert, 

SUck'a,  57                                 ^^H 

^H        reflecting  miofoieope  of«  35 

KoiaX  59                                    ^^H 

^VCaaclea, 

Va1eatine*a,  60                           ^^H 

^B .       lUioeoiu  vegetAbk,  Utt  of,  370 

Bmith  ami  Beck\  62                ^^H 

RaapAili,  68                                ^^H 

^■ti7lilliiig.in«4}hiiie,  300 

^M           ToppLDg'lt,  800 

Author'a,  323                              ^^H 

^H          !)oard  for  g\am,  24  2 

Dlimiion,                                                      ^^H 

of  neire,  829                                               ^^^M 

^H         method  of  usiiig,  243 

muacH  329                                            ^^H 

^V  Cjlinden, 

animal  ibaoea,  324                                 ^^H 

mounting  objecto  on,  2!>2 

vegetable  tlisnefi,  323                                ^^^1 

Cynipd,  364                                            ! 

traehen  of  inaecta,  330                              ^^^1 

spimele^  of  in»octe,  831                              ^^^H 

D                              i 

Divim  EuHtachio,                                              ^^^H 

DuiCKA, 

miero»oo{>c  of,  6                                         ^^^^^| 

microscope  of,  97 

doitlilot  of.  28                                             ^^^H 

Bark  chamber.  100 

Dolland,                                                             ^^H 

atopw,  112,  188 

iiclmimatic  telescope  <Mf,  33                       ^^^H 

Darker,  Mr., 

Doublet,                                                               ^^^M 

periecopic,  WollaatonX  23                       ^^^H 

method,  230 

microAcopic,  Wolkaton's,  30,  66,               ^^^H 

cell,  253 

144                                                            ^^M 

Deep  (3e1k, 

Hei«chert,  Sir  J.,  29                                ^^M 

to  mount  object*  in,  262 

Draw  tube,  69                                                  ^^^M 

DtTme«tea,  hair  of,  433 

Drebbel,  Cometius,  S                                       ^^^H 

Besmidiccp. 

mlcioscQpe  of,  3                                       ^^^H 

to  collect.  358 

Drilled  celk.  25d                                             ^^H 

int:tho<i   of  mounting,   Mr. 

Drr  misthcxi  of  mounting  objecta,  234              ^^^H 

.                    Thwaitw'a,  267 

GiUettX  286                                             ^^M 

1        Diamoml, 

paper  cell,  288                                         ^^^H 

lens,  Se 

Dueta,  vegctAble,                                              ^^^H 

cement,  2(J£> 

of,  363                                                  ^^H 

giaaer"*,  2^9 

Dutch  niAh^                                                       ^^^H 

wntinjar,  241 

to  prepare,  305                                         ^^^| 

nicihiMl  of  i)8iQg,  240 

^^^^M 

Diaphnyjm,  99 

^^^^M 

French,  10& 

^^H 

DlreeiiorL*.  prcliminMy,  166 

EiMJuroQuLasSunwi,  244                               ^^^H 

Direct  light,  177 

EggTi  of  insecta,  330                                          ^^^H 

Di<c». 

Electrical  cement,  263                                     ^^^H 

to  mount  opaq«c«  on.  200 

Elytra  of  iQBecti,  330                                          ^^^1 

DijisectiuK  instruments,  314 

Epithelium,                                                        ^^^^1 

^m_          ibroepi^  314 

licaly,                                                           ^^^H 

B         ootUiiglDm|M,310 

prtamatic,  403                                           ^^^M 

H         mkrotoB^  316 

ciliarr,  404                                                ^^H 

B         QMdlei,  319 

method  of  viewing.  404                             ^^^H 

^m         naodle-hotden,  320 

daiM^iticatiou  of,  408                                    ^^^H 

^m         QMi-euttlng,  320 

Erector.  109                                                     ^^^H 

^m         raiiti,  322,  325 

Eulor,  ejtpcnmenta  of,  33                                ^^^H 

^B          tfongfas,  320 

^srca,                                                       ^^^H 

H          MlpeU,  317 

Jkarta  oi;  399                                             ^^M 

WM          icieeon,  315 

oflnaecta,330                                          ^^H 

f                ipiingaciaBOre,  816 
Valentin's  knife,  313 

Hujgfaenian,  72, 152                               ^^H 

DiiBecting  lenn,  51 

micrometer,  19S                                         ^^^H 

Diiaecting  microeoopc, 

to  clean,  443                                              ^^H 

PowbUh,  62 

^^^^^H 

portable.  Smith's,  54 
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Fbbt  of  Ihsiots,  881 
PemB,  372 

BDorea  of,  872 
Fibre, 

woody,  868 

muscular  specimens  of,  400,  401 

white  and  yellow,  402 
Fibro  cellular  tissue,  868 
Fish, 

circulation  of  blood  in,  to  view, 
836 

apparatus  for,  836 

scales  of,  398 

troughs,  126 
Fishing  tubes,  117 
Fhit  cell,  258 

E.  J.  Quekett's,  253 
Fluids,  preservative,  270 

acetate  of  alumina,  270 

chromic  acid,  272 

Goadby's,  270 

glycerine,  271 

solution  of  creosote,  271 

spirit  and  water,  270 

Thift-aites's,  271 

naptha,  278 

salt  and  water,  272 

general  directions  for  using,  273 

currents  in,  to  view,  413 
Fluid  to  mount  objects  in,  251 
Focus,  adjustment  of,  166 
Fontana,  2 

Foraminifera,  to  mount,  282 
Forceps,  112 

Varley'p,  119 

E.  J.  Quekett's,  120 

dissecting,  314 

cutting,  316 

for  holding  pill  boxes,  296 

Pjige's,  276 

metal,  277 
Fossil, 

Infusoria,  363 

method  of  preparing,  364 

list  of,  376, 

to  mount,  281 

teeth,  specimens  of,  391 

woods,  list  of,  370 
Fraunhofer, 

object-glass  of,  35 
French  diaphnigm,  109 

lamp,  136 
Frog, 

circulation  of  blood  in,  337 

tongue  of,  circulation  in,  339 

bit,  circulation  in,  345 

plate,  125,  337 
Fuss,  Nicholas,  work  of,  33 


G 

GiLLETT,  Mb., 

Method  of  moontin^r  object 
286 
Glass, 

best  for  microfloopic  purpoeei 

cutting  board  for,  242 

method  of  cutting^  slides,  2*. 

thin,  method  of  cutting,  24 

thin,  covers  of^  246,  452 
Glazier's  diamond,  289 
Goadby,  Mr., 

dissecting  microecope  of,  5S 

fluid  of,  270 
Goniometer, 

Leeson's,  231 

Ross's,  235 
Goigonia,  specimens  of,  878 
Goring,  Dr. 

lenses  of,  26 

improvement   in   reflecting 
croecope,  85 

test  objects,  discovery  of,  8j 
Gray,  Stephen, 

lenses  of,  9 

water  microscope  of,  10 

simple  reflecting  microscot 
10 

fluid  lenses  of,  11 
Grindelius,  microscope  of,  8 
Groundsel,  circulation  in,  347 
Guano,  to  prepare,  365 
Gum  cement,  269 
Glycerine,  271 

H 

Habitat, 

of  Chara,  351 

Nitella,  351 

Hydrocharis,  351 
Hairs,  313 

of  animals,  395 

of  bat,  432 

of  insects,  381 

of  mouse,  432 

of  dermestes,  433 

of  plants,  370 
Hall,  Chester  More,  Mr., 

object-glass  of,  32 
Hanest  bug.  386 
llerschel.  Sir  J., 

doublets  of,  29 
HiU,  Dr., 

work  of,  24 
Hints,  miscellaneous,  447 
Holder,  bottle,  127 

needle,  320 
Holland,  Mr., 

triplet  of,  31,  65,  146 

white  lead  cell  of,  256 


^P                                                           ^^^F^                       ^^^1 

Hood,  for  cotiip<vmid  hody^  131 

^^M 

LUter'^,  131 

^^^1 

Leonanrrt,  132 

Jaokboit,  Me.,                                                   ^^^^H 

^HHoof^  of  ArumnU,  397 

xaicrometer  of,  193                                    ^^^^H 

^HBooke,  Hol>en,  a 

Jnuien,  ZnchariM,  2                                          ^^H 

^^B         mtcroin^phia  of^  3 

Japanners'  gold-uze,  267                                   ^^^H 

Jatropha  oil,  188                                              ^^^H 

mieroAtoi>e  of,  4 

Homi»  of  atikimlii^r  397 

^^^^H 

to  nmkc  aectlonft  of,  313 

^^1 

Huy^hens,  2 

KiKO,  Ma.,                                                    ^^^M 

^^Huy^hetiian  eye-piece,  152,  100 
^B        liatn^co's    improvemeni    on, 

expcrimentii  of,  224                                  ^^^H 
Knife,  ValcnUn'B,  818                                       ^^H 

^F             160 

^^^^H 

Ilvdraa,  to  examine,  356 

^^1 

HydrocluiriB,  circukiiion  in,  345 

^^^H 

Fronch,  135                                                ^^H 

I 

reading,  133                                               ^^^H 

jLLimisATioir, 

nhade,  134                                                  ^^H 

of  objects,  170 

to  clean,  138                                              ^^^M 

imuparent  ditto,  170 

chimney  to  dean,  141                               ^^^H 

spirit,  278                                                  ^^H 

tndicaior,  130 

LeeKkn,  Dr.,                                                   ^^H 

Inftiiom,  3^2 

goniometer  of,  281                                  ^^^^M 

to  procure,  352 

htgg.  Mr.,                                                      ^^H 

locdiUoi  for,  U%  860 

experiments  of,  221                                 ^^^H 

■{^paimtua  for  ccUeoling,  Sff2, 458 

atage  of,                                                 ^^H 

motbod  of  colleollng.  854              , 

Leettwenhoek,                                                 ^^^H 

vrboel,  362                                     ' 

to  food  with  Gftrmine,  362 

Lena,  method  of  making,  5                              ^^^^| 

foftsjl,  863 

watchmakcra,  50                                     ^^^H 

methml  of  preparing,  364 

diaaecUng,  SI                                           ^^H 

to  mount  in  CimadA  balsam,  281 

single,  64                                                   ^^H 

foflail,  li<it  of,  376 

doublet,  65                                                ^^H 

recent,  lint  of»  376 

diamond,  66                                              ^^^H 

Injections,  Lieberkuhn,  17 

condensing,  106                                        ^^^H 
Jewel,  Sir  D.  Brewtter'a,  36                      ^^H 

of  mocoufi  memtiranes,  408 

Insectt, 

Mr.  Pritchards,  27                         ^^H 

cirenlationofbloodln,  333 

iloublct.  Div  ini'a,  28                                   ^^H 

trachea  of,  to  diBiMH:t,  330 

GoringH,  Dr.,  26                                        ^^^H 

Hpiracles  of,  to  di«ttOct,  331 

pcri^copic  doublet,  28                                ^^^H 

prcparationB  from,  278 

Charl«»*a  M.,  34                                         ^^M 

imt<inua?,  880 

Coddington,  48                                           ^^H 

eggs  of,  380 

Steohen  Grays,  d                                      ^^^H 
fluid,  Stephen  Gza/a,  11                          ^^^M 

elytra,  880 

eyes  of,  380 

Leonard,  Mr,                                                  ^^^H 

fcc-t  of,  381 

ooodfloaing  lens  of,  108                             ^^^^| 

iuiirs  of,  381 

hood  fbr  compound  body,  182                  ^^^H 

mouth  of,  382 

LofersUige.                                                 ^^^H 

paiMitiG,  888 

Alfred  White's,  89                                   ^^H 

Vh,  885 

Lieberkuhn,  110                                           ^^H 

icalea  of,  886 

tomnminKtoby,  188                              ^^H 

spiraeleft  o^  887 

•alir  mloroaoope  of,  14                           ^^^H 

tiaohoBB  of,  887 

opaque  microscope  of,  15                         ^^^^1 

aU]ig»  of,  887. 

hand  micFo^ope  of^  16                               ^^^^H 

itomacha  of;  888 

iiy  cotiooA  of,  17                                           ^^^^| 

anatomical  liyoctiona  of.  18                      ^^^H 

1         lofbrameott, 

^^M 

dianectinfTt  314 

a^^justmcnt  of,  166                                    ^^^H 

for  cuttiug  corcm.  452 

direct,                                                          ^^^H 

iion<nittinff,  320 

^^^^M 

Iron  it\nU\  for  ccUi.,  249 

fioUrlxation  of,  21  f>                                 ^^^H 
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Limpet,  tongue  of,  418 

Lines, 

micrometer,  value  of,  198 
eye-piece   micrometer,  vilue  of, 
200 

Lister,  Mr., 

achromatic  microeoope  of,  86 
improTement  in  object-glaas,  89 
obiect-fi^lasB,  149 

Loaded  corks,  321 

Localities, 

for  Chara,  851 

for  Infusoria,  860 

for  wheel  animalcule,  862 

Lucemal  microscope,  24 

Lttdda  camera,  128 


MACHnm  CxTTTiiTa,  806 

Mr.  Topping's,  809 
Magnifying  powers. 

Hook's  method  to  obtain,  207 

linear  measure,  205 

superficial  measure,  205 

table  of,  208 
Mammalia, 

circulation  in,  841 
Manipulation,  239 
Marine-glue,  248,  268 
Marshall, 

microscope  of,  13 
Martin,  Benj., 

microscope  of,  13 
Measurement  of  objects, 

with  micrometer  eye-piece,  198 

Tvith  stage  micrometer,  197 

obtained  by  camera  lucida,  203 

French  table  of,  210 
Membrane,  basement,  405 
Mercury  biniodidc,  417 
Micrographia, 

Hooke's,  3 
Micrometer,  189 

Adams's,  190 

cobwel),  195 

cobweb,  to  use,  203 

Curs,  22,  190 

Coventrj-'s,  191,  209 

eyepiece,  192 

eyepiece,  to  use,  202 

Jjvckson's,  193,  199 

Martin's,  B.,  190 

Ross's,  192 

stage,  191 
Micrometer  lines,  to  find  value  of, 

in  cobweb  micrometer,  201 

in  eye-piece  micrometer,  200 

in  stage  micrometer,  198 
Microscope, 

definition  of,  1 

Adams's,  George,  23 


Microscope, 

Adams's,  Oeoige,  Jan.,  24 

Amici's  reflectinig:,  26 

anatomical,  Lieberkulm's,  18 

iEpinus's,  S4 

Bonnani's,  7 

Culpeper's,  20 

Cuff's,  22 

Chevalier's,  36 

Cuthbert's  reflecting,  85 

Divini's,  5 

Drebbel's,  8 

Gray's,  Stephen  (water),  10 

Gray's,  Stephen  (reflecting),  10 

Grindelius's,  8 

Hooke's,  4 

hand,  Lieberknhn'a,  14 

opaque,  Lieberkuhn's,  15 

Leeuwenhoek's,  6 

lucemal,  24 

Marshall's,  13 

Martin's,  22 

Newton's,  Sir  Isaac,  9 

solar,  Lieberkuhn*8,  14 

Salvetti's,  6 

Scarlett's,  20 

Wilson's,  J.,  12 

Wilson's,  J.,  opaque,  12 

WoUaston's,  Dr.,  30 

compound,  147 

compound  achromatic,  151 

Dancer's,  97 

Powell  and  Lealand's,  74,  77 

Powell  and  Lealand's,  large,  81 
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The  applications  of  the  abundant  supply  of  metallic  orci*,  and 
the  procliirtion  from  them  of  the  several  useftil  ractab,  although 
carried  on  to  a  vast  extent  in  this  country,  have  never  been  made 
the  subject  of  a  diatiiiet  Treatise  in  our  language.  No  work 
exists  to  which  the  term  Meiathirf/i/,  can  with  propriety,  be 
applied. 

Branches  of  the  siibjeet  have  been  separately  handled,  as,  for 
instance,  "The  Manufacture  of  Iron,"  by  Miishet  and  by  Alex- 
ander; valuable  information  of  an  isolated  character  is  also  to  be 
found  in  Ure's  "  Dictionary  of  the  Arts  and  Sciences,"  in  Taylor's 
'^Records  of  Mining,*'  and  in  Foster^s  "  Section  of  the  Strata  ;'* 
but  a  connected  work  upon  the  whole  subject  of  the  reduction 
of  metallic  ores,  like  those  of  Lampadiu<%  and  Kar^ten  in 
Crcrmauy,  and  of  Heron  de  Villefoase  in  France,  embracing 
descriptiona  of  the  various  nLetho<ls  and  procesaes  of  ifmeltiiigi 
the  implements  aud  materials  employed  in  obtaining  the  different 
iiHpful  metals,  and  a  scientific  explanation  of  the  processes,  analyset* 
of  the  ores,   produce,   &c.,   an  complete  as  the  preaent  ftate  of 


2  PROSPECTUS. 

ecioicc  will  admits  has  never  yet  be^n  offered  tu  the  English 
[jiiblic. 

In  ciidoavotirmg  to  fill  up  this  gfip  in  our  literature,  the  plan 
we  propuac  to  follow  is^  perhaps,  not  mj  strictly  scientilic  as 
that  adopted  by  the  Germans  and  French^  the  publie  of  which 
countries  have  been  fauiiliar  for  neai-ly  a  eentury  with  seicntitic 
treatises  on  this  important  subject ;  but  we  believe  that  it  will 
be  more  practically  useful  bi  this  coimtry,  and  more  lu  ac- 
cordance with  the  view  we  take  of  including  Metallurgy  as  n 
branch  of  Chemical  Technology.  It  also  justifies  us  in  excludiog 
those  metals  of  which  no  technical  use  has  yet  been  made,  or 
which  will  find  a  more  appropriate  place  in  some  other  division 
of  our  subject,  while  we  properly  include  platinum,  rhodium, 
iridium,  osmium,  nickel,  manganese,  uranium,  tungsten,  and 
chromium,  which  have  been  wholly,  or  partly,  omitted  by  farmer 
authors. 

Our  arrangement  will,  therefore,  embrace  the  following  par- 
ticulars : 

GENERAL    METALLUROy. 

General  Principles  of  Metallurgical  Operations. 

Fuel  and  its  Preparation.     [Already  treated  in  Knapp,  Vol.  I,j 

Fluxes,  their  Composition,  ike. 

Building  Materials  for  Furnaces,  &c. 


SPECIAL    METALLUKGY. 

Chemical  Properties  of  the  Metal. 

Its  Ores,  and  their  Composition,  &c. 

Methods  of  Assaying  the  Ores* 

Mechanical  Preparation,  or  "  Dressing"  of  the  Ores. 

Chemical  Treatment,  or  "  Smelting"  of  the  Ores. 

The  following  order  will  be  observed  in  treating  the  speciaJ  part 
of  the  subject,  and  the  description  of  the  metallurgical  processes 
concerned  in  the  production  of  each  metal  will  be  followed 
by  an  account  of  the  manufacture  of  those  of  its  compounds 
which  deserve  such  notice  from  the  extent  of  their  production 
or  general  usefulness. 

Iron.  Iridium. 

Tin.  Osmiuni. 
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Ziuc.  Rhodium. 

C  adni  ium »  M  er  t*  u  ry . 

Bisumtli.  iVntiuiony. 

Copper.  Arsenic. 

Lead.  NickeL 

Silver.  Cobalt. 

Gold-  Chrommiu. 
Flat  ilium. 

It  ia  impossible  to  overstate  the  value  of  this  branch  of  kiiow- 
Icdgi',  embracing  as  it  does  otic  of  the  most  important  sources  of 
the  national  wealth,  in  the  development  of  which  so  much  cupital^ 
enterprize,  and  skill,  have  been,  and  are  being,  daily  expended, 
which  profitably  employs  so  many  thousands  of  our  fcUow-country- 
uien,  and  which  has  so  materially  aided  in  raising  this  country  to 
the  nuJc  it  enjoys  among  the  nations  of  the  earth.  1  he  following 
table  of  the  value  of  some  of  the  important  metals  produced  in 
this  country,  and  for  which  we  are  indebted  to  the  Editor  of  the 
**  Mining  Journal"  will  eoutirm  the  above  statement  : 

Iron 1:8,400,000 

Copper ,     .  1,200,000 

Lead    ..,...,.  920,000 

Tin 390,000 

Manganese 60,000 

Silver 70,000 

Ziuc    .,,..-..  8,000 
Antimony  1 

Bismuth    i 25,000 

Arsenic     J 

Although  numerous  improvements  have  been  introduced  ni  the 
processes  for  smelting  ores,  it  is  acknowledged  on  every  baud  that 
the  progress  in  this  branch  of  industry  has  not  kept  pace  with  some 
other  chemical  manufactures,  and  no  doubt  can  exist  that  it  is  to 
be  solely  attributed  to  a  deficiency  of  correct  scientific  knowledge. 
Had  we  possessed  a  Bergacadamie,  like  that  ut  Freiberg,  or  an 
Ecole  des  Mines,  as  exists  in  Parie,  such  a  complaint  would  not 
have  been  heard,  nor  should  we  have  been  so  dependent  upon  the 
cheapness  of  our  fuel  and  the  facility  of  our  transport. 

We  trust  in  some  degree,  however  humble,  to  be  the  means  of 
diffusing  more  extensive  and  correct  information  nn  this  subject 
than  at  present  exists  in  oiu"    language;  and  wr   ho|ie   that  thf- 


I 


piTSPiit  loia  of  fuel  m  smelting  iron,  the  waste  of  lead  in  fiiuif, 
the  apparently  rude  process  of  extracting  copper  and  our  useless 
heaps  of  zinc  ore,  will  give  place  to  such  improveineDts  as  «hall 
place  the  Metallurgy)'  of  Great  Britain  upon  an  equal  footiiiff 
writh  her  proud  pre-eminence  in  other  manufactures. 


A,    ROSS, 

OPTICIAN, 

2,  FEATHERSTONE  BUILDINGS,   HOLBORN, 

BiOB  to  cull  the  attention  of  observers  with  the  Micrcwcofie  to  his 
improved  iDstrumentss  a  Cotalogue  of  which  tnaj  be  had  upon  appli- 
cation. 

Among  the  Tarioua  advancement^i  A.  R.  haa  eflected  h  the  extrt^ine 
enlfugemenl  of  the  aperture  of  the  MicBoecoPE  Object  Glass,  which  ii< 
iia  reiil  effective  improvement ;  also  an  Achromatic  Condenser  of  Light  for 
the  Microacope^  on  a  new  combination  of  principles^  for  the  iLluminntion 
of  transparent  object*,  adapted  for  use,  with  the  several  Object  Ghiaset 
from  i  an  inch  to  ^  of  on  inch  foc^  length  inc-Iumve. 

The  object  of  tliis  arrangement  is  to  developc  the  defining  powers  of 
Object  Glaa^es^  and,  by  a  peculiar  adjastment,  to  adapt  the  illuminatinii 
to  tlie  nature  of  the  object  and  to  the  mode  of  mountings  whether  dry  or 
in  tluidi  or  in  Canada  baiiiam,  so  as  t<»  admit  a  greater  quantity  of  light 
with  leaa  glare,  and^  in  conser^uence,  to  give  a  more  distinct  image  with 
less  fatigue  to  the  eje«  The  Alieroacope  Stand,  or  mechanical  |mrt,  ba5 
lUo  been  arranged  to  em^ure  ireedooi  from  tremor  and  afford  facility 
In  lue. 

A.  R.  also  b^s  to  announce,  that  from  a  laborious  practical  investi- 
gation of  the  construction  and  manufacture  of  the  Achromatic  Astr«i* 
nomical  Telescope,  be  hm  arranged  a  new  process  for  their  production, 
which  ensures  the  perfection  of  that  important  instrument ;  also,  that  in 
Terrestrial  and  Naval  Telescopes,  the  contact  surfaces  of  the  Object 
Glasses  are  united  by  a  permanently  transparent  cement^  which  obviates 
the  loss  of  light  by  reflections^  and  prevents  that  deconiposition  of  the 
glass  which  generally  occurs  in  Marine  Telescopes. 

Since  the  invention  of  those  prospectively  useful  arts,  the  Calutype 
and  the  Daguerreotype,  A.  R.  haa  investigated  the  fonns  of  lenses 
necessary  to  give  just  representations  of  objects,  and  has  succeede<l  in 
giving  great  intensity  to  the  image  with  fine  and  correct  definition,  both 
tt  tlie  centre  and  margin  of  the  picture  ^  also  the  visual  and  chemicalty 
acting  foci  are  made  to  coincide. 

A.  R/s  Binocular  Reading  Glass  prevents  the  fatiguing  muscular 
exertion  of  the  eyes  attendant  on  the  use  of  Spectacles  of  the  ordinary 
construction,  and  preserves  the  eyes  in  repose  during  protracted 
application. 


AtTRONOPAICAt  AND   (UtVCYINO  INSTRUMENTt. 

BAEOMJSTEKS,  UYURUMETEKS,   THEKMOMETEKS,   kc  &c. 


SMITH    AND    BECK> 
No.    6,   COLEMAN   STREET,   CITY, 

LONDOV. 


16 


10 


M 
Best  Compound  Acliromatic  Microscope,  on  Double  Pillar  and 
Cooes,  Bodj  with  Quick  and  Slow  Motions,  graduated  SlidiJig 
Tul»e,  and  2  coirect^d  Huyghenian  Eye  Piece*;  SUge  irith 
A^crtical  and  Horizontal  AcUohb, given  by  Hackwork  uid  Sere w^ 
or  Level',  Sliding  find  Hevolving  Plain  and  Spring  Clamping 
Piece,  Large  Double  Mirror,  Joint  and  Forceps,  Brass  Pilars^ 

and  2  Glasfi  Pktes  ,..,......*.. 16 

Solid  Spanish  Mahogany  Caae  for  ditto,  with  Box  for  Appaiutus 

and  Dra were Adoitional     3 

Best  Smaller  Microaeopea,  on  Single  Pillar,  with  Actions  same  as 

above ..« 12 

Strong  Solid  Flat  Case  for  ditto,  with  drawer  AddiUonal     1 

Student*t  Microscope  with  Uprights  and  Jolntd,  Actions  same  as 

the  above,  1  Eye  Piece,  and  Mahogany  Case  included     9 

Th«  aboTB,  with   Plain  Stag«,  conalating  of  Sliding  Piece  and 
Clamping  Spring,  1  Eye  Piece,  Concave  Mirror,  and  other 

Actionji,  as  above  , , •     5     10    0 

Snuxll  Microscope  for  Travelling,  with  all  the  Actions  to  Stage  and 
Body,  2  Eye  Pieces,  Double  Mirror  and  Packing,  in  a  Caae 

10  inches  by  4|  inchea,  and  3^  inches  deep 10 

The  above,  with  Plain  Stag© 7 

Plain  Microscope  for  HoBpital  Use,  with  Qttick  and  Slow  Motions 
to  Body,  1  Eye  Piece,  and  packed  in  Mahogany  Case «..»    2 


0     0 


10 


1& 


APPARATUt, 

Extra  Eye  Piece,  from  15*  to  0  17 
Illuminator  for  Side  Light, 

from 12*  to  1  1 

Lire  Boxee,  from*.,  i*.  erf.  to  0  14 
Achromatic        Condensen, 

from 1(^*.  6<i.  to  8  0 

Dark   Wells   and    Fittings, 

from. 7«.  tirf.  to  0  12 

Camera  Lucida 1  0 

Micrometers 1  5 

Polarizing  Apparatus    2  10 

Compressor .• 1  0 

Erecting    Qlaeees    for  Dis- 
secting*...   1  0 


ACHROMATIC    OBJECT   CLASSES 

£      B.  S.     it 

3  &  l^in.  Combination  4  0 1 

Uin. alone..,. 8  Oj    ^'^    ** 

!;(&  Jin.  Combination   4  4-1 

Jin. alone... 8  8/    ^^     ** 

T^in 5  5      10    0 

|iD 5  5        e    0 

Jin.   7  7 

Ain 10  10 


Achromatic  Dissecting  Microeoopc,  with  Power  vaj^-iog  from  5  to 

60  linear,  and  Apparatus  complete,  packed  in  a  Mahogany  Case  12    12    0 

Darwin*8  Improved  Single  ditto,  with  1  Doublet,  8  Single  Lcnaea, 
and  3  Coddington  ditto,  Dissecting  Apparatua,  complete, 
and  packed  in  a  Caae .„. 10      a  | 

MioaofiooFio  OBJBcret  raoM  U.  &</.  kaob  vo  5«. 

Mahogany  CaJMJ«  for  objects,  with  Arrangements  for  placing  the  Prepamtiona 
Horizontally  or  in  a  PcrpcndicuUr  Position,  from  15#.  to  £5. 

Glass  Slips  and  Cells,  Thin  Olasa,  Canada  Balsa7ii,  Gold  ^«e,  <frt.,  /or 
Mountittff  Objects, 


lastrtimtme  for  CTuULng  Bisrs  of  ^l^in  €AR%fi,  Mritinoi  Btamonoft. 


BerolTing  MicroRcopic  Tables,  £B  5*. ;   Microscopic  Lamps  from  j£l  4*.  to 
£1  8 ;  Iran-work  of  Dredges  for  Deep  Water  Fbhing,  ^'1  6*, 

Achromaiic  Tekicopts,  portable  and  mounted^  for  Astrojiomkal  Purpot€M, 

eAROMCTERS,    TH£RMOM£TERS,    HYCROMrTERS,    ETC. 
BPECTACLB8,  BYE  GLASSES,  HAND  MAGNIFIERS,  &  CODDlNaTON  LENSES, 


A  FAMILIAR    IXTRODrCTlON   TO   THE   StrDY   OF   POLAmZED 
LIGHT,  by  Cbaales  Woouwarh,  F.R.S..  &c, 

C.  M,  TOPPING, 
PREPARER  OF  MICROSCOPIC  OBJECTS,  kc,, 

Begs  to  inform  Scientific  and  Frofeflfiional  Gentlemen,  and  the  Tradt^,  that  he 
has  Removed  from  hie  late  Reaidence  In  Yark  rioce,  Pcntotiville,  te  Xq«  i. 
New  Which  est  KB  Stehet,  Pektosvillb  Hill* 

K.B,— New  Winchester  Street  is  oppofiite  my  late  Renidencc. 


MEDICAL    PORTRAIT    GALLERY. 


Under  (hit  TUk,  a  Seriei  of  Portrait*  of 

EMINENT    LIVING    MEDICAL    MEN 

IS  IN  CtilTRSE  OF  PL^LICATION, 


( Undtr  (h^  SupcrifU^tulaHcc   of  Mr»  T.    M. 

of  Surffeon»)f 


Btov%  qf  the  Mof^  Co&e(f€ 


PRICE   FIVE    SHILLINGS, 

Which  will  funuftli  to  Student*  and  Practitioners  interesting  roemoriaU 
of  tbiiir  prcweot  or  former  Coadjutors  or  Teachers,  and  most  Important  additions 
to  the  jHirtfoUo*  of  Col  lectors. 

The  portraits  already  published  hare  met  is-ith  the  highest  culogitimit  h-om 
the  preM,  as  will  be  wen  from  the  appended  cxtracU  from  the  Medical  Jouraalu 
only. 

Every  care  Is  used  to  render  the  Portmits  bm  perfect  as  posRible,  and  even 
as  work*  of  art  they  will  he  found  of  high  value. 

The  Portmitii  are  drawn  on  Mitotic  and  printed  on  India  paper  at  the 
ffmalleat  price  which  can  be  remunerative. 

Thoic  already  publishiifl  are  ProfesRora  William  FmnatoD  and  R.  B. 
Todd,  M.D„  of  R^M  College,  and  J.  F.  Soudi,  Esq.,  of  St  TlUNliiii'ft  HoRpital. 
Those  in  course  of  publicntion  are.  Professor  O.  Budd,  of  Kiii|;^i  CoUoig^ ;  Dr. 
John  FotIjcs.  late  Editor  of  the  Britiph  and  Foreign  Medical  Review;  J.  U, 
Green,  Esq.,  of  St.  Thomas's  Hospital,  &c. 

''Striking  and  Spirited  Portmtig*  the  featarM  and  cxpre««ion  being 
correctly  rendered.  Valuable  additions  to  the  Mddical  Portrait  Collector."— 
The  Lancet. 

"  Not  only  well  eiecnied  as  works  of  art,  hot  excellent  likeneiiea"'* 
MedieaX  Gazetie. 

"FaitMttl  Ukenesiies  of  the  distingniahod  originals." — Medical  Timet* 
H.   BAILLIEBE,  21&,  REGENT  STREET. 


A    LIST 

OF 

ACHROMATIC   MICROSCOPES  &  APPARATUS 

J.  B.  DANCER, 

Ho,  43,   CROSS    STREET,   MANCHESTER. 


Lecture  Table  Microftcopea,  with  Eack  A4juBtmente,  1  Eye  Piece, 
latge  Aperture,  1  inch  (or  ^  inch  Pow^er),  Plain  aad  Concare 

Mlrrore^  with  Japanned  Irou  Pillar  and  Tripod,  from 4     10 

Ditto  ditto,  with  Emm  Pillar  aad  Tripod , .„     ^       5 

Single  Mi€ro8cof»e«,  from  ,* , ..*.,.,^ %       2 

An  tniproved  Mitrodcope  with  Double  Pillaraand  Axis  to  indizie 
the  lnj^tmment  to  any  angle,  Sliding  Stage,  Rack  Motion,  and 
fine  Adjustment  for  the  Powera,  I  Eye  Piece,  large  Apertum 
1  incb  and  ^  inch  (or  j  iut^h),  Powcre,  in  Bia^  Boxes,  GUas 
Condenser,  with  Jointed  Support  and  Stand,  Aquatic  or  Live 
Object  Box,  Forceps,  Plyer»,  Knife  Point  and  B»A  Key, 
neatly  jmcked  in  an  upright  polished  Mahogany  Case,  with  a 
Diiiwer 10     10    I 

The  following  Apfaratus  can  he  supplied  to  the  above  Micr^$CQpe: — 

Extra  Eye  Piecefl,  each , ,..„., ^,»4,.,„.„*..  0  14  ( 

|th  inch  Power  Object  Glasd .,.....„„  fi  10  i 

ith  ditto  ditto 3       d  ( 

Stage  Movement,  with  Adjusting  Screws 2       2  i 

Pol  an  zing  Priama  (Mounted) „  2       S  ( 

Achromatic  Condenser ,.„ •,♦* 2  2  ( 

Camera  Lucida  (in  Box)    * *.** 1       |  C 

Adjufitable  Compregeor 1       1  f 

Mierometer  for  the  Eye  Piece  (in  Box) »„ 0  $  ^ 

Ditto  for  the  Sta^ from  Ga  to  0  10  I 

Mahogany  Case,  fitted  with  6  additional  Drawers............ .„  I       l  | 

The  iargiiat  ajjce  Inntniment,  including  all  the  above  Apparattia, 

packed  in  a  Mahogany  Cabinet  with  7  Drawera 40  0  C 


INJECTED    MICROSCOPIC    PREPARATIONS. 
Mr.    HETT,    M.R.CS.E.. 

Bbos  to  inform    Medical   Gentlemen,  and   others  engaged  In  Microacopi« 
Beaearchea,  that  he  hm  for  Sale  a  variety  of  SpBOiiours  or  Tvi  moot  amAurziTTL 

AMP   FBRTKCT    IkjECTIOSTS  Of  VAXtOVS   PARTS   Of   THE    HtrKi.V   Bo&f    AVD    OTfiSE 
ClaMIS  or  A^RIMALS. 

Mr,  Hbtt  also  prepares  overj^  variety  of  Microscopic  object  required  to 
illustrate  the  more  imi>ortant  and  interesting  ftcts  of  Miuube  Anatomy, 
Physiology,  and  Pathology. 

Parties  residing  at  a  distance  from  London  may  have  a  Box  of  Prepanu 
tions  sent  for  iuspoction,  on  giving  a  respectable  town  referenoe,  and  paying 
carriage  bath  ways ;  by  thlH  means  they  are  enabled  to  examine  the  objects 
before  purchasing,  and  to  select  such  specimens  only  as  they  .may  require. 
24,  BRIDGE  STBEET,  SOUTHWARK. 


rBOUSSINQ&UI^T.    RURAL  SCONO»T  j  In  lu  ReliUtont  with  Chcmlftt?,  PhpAem,  md 
MetraTDlOf(y«    Rjr  J.  B.  Botttiliigatill,  Alember  of  the  Inttltute  of  Fmnce.     ViicI   EdUlidn* 
wUh  Not«ir  cw«fwny  trdjctt  *nd  coirected^  I  toI.  Svo,  cloth  bo'^rd*,  IH*,     London,  Iii4.1t. 
I  GAMPBEE.Ii.    A  PRACTICAL  TEXT^fiOOK  of    INORGANIC   CFlEMI^TilY,   EoclueKnc 

I  the  P^I^pA^attO(I■  of  SgbiULzicei,  Bitd  their  i^uaHutlve  and  QuAutititlive  Anulytet*  with 

Oriranie  Analyala.      By  Uugftld  CunpbelJ,^  DemonstreCo*r  of  PrukCtlcol   Chcfolstry  to   the 
ITolversUy  Collegv,.  Loodan. 
CHAPMAN.     A  BRIEF  PKSCRIPTION  of  the  CHARACTSRS  of  UtHERALSj  forming 
m  (uaLllir  InlrcMlactloii  to  the  Science  of  llliwrmlofy.    By  Edward  J.  Chapman,  1  toI. 
Uwo.  idtb  3  platet,  40.    London,  IbU. 


STANDARD   SCIENTIFIC    WORKS 

PUBLISHED   BY 
HIPPOLYTE  BAILLIERE,  219,  REGENT  STREET. 


PRACTICAL    MINERALOGV}    or,    a  Compcndlmn  of  the  dlaUnftilflhlnji  Character!  of 
MlneraLi  r  by  which  the  Name  of  aay  Spcclea  or  Variety  in  the  Mineral  Klncdoni  1 
BPeedlly   Mcertained.    By   Edu'ard  i.   IJhaj 
atiowlDg  'iro  ipedmem.  y  «.     London*  ltiU3, 


Sro,    iUoatfatMl  with 


H' 


I  Qiayb* 
enfrmrinfa. 


r 


DUMAfl   ANB    BOUBSINGAULT.     THE     CHEMICAL    aswl    PHYSIOLOGICAL 

BALANCE  of  ORGANIC  NATifRE  -.  an  Euay.     By  J.  Dnmai  and  J*  B.  Douaalogault, 

Mfmbcrt  of  the  lostltule  of  Frouce.    i  ?ol.  l2nio.  4m.     London.  ItiAt 
QQ'SLUCl^f  tt*    THE  STEAM  ENr>INE.  with  every  foiproTemrnt  to  the  preaent  day.    By 

L,  Gordon.  Profetaorof  Kn^neeiiDg  in  tba  UDlvertlty  of  Glaagow.    Hvo,     Illustrated  with 

Wood  Eagrarlngv.    In  th«  Prtu. 
ORABAM.     ELEMENTS  of  CHRMlSTRTi  hbclurllng   the  Application  of  the  Science  lo 

tlM  Arlt.    By  T.  Graham,  P  R,8.  L.  &  E,  j    Profeaaor  of  ChemUiry  at  IJnivenity  College. 

London,  2nd  edition,  entirety  rrrUed  and  greatly  enlarged,  eoplouaiy  iiluatrated  with  wood^ 

ctiu.     Lopdon,  IH4K.     Porta  I.,  11.  &   IlL  are  ready. 

*f*  Fart  ^  and  Inmi  of  lit  Edition,  cisiuiainlng  Organic  Chemlitry,  Bro.  9a. 
BUHBOLDT.    KCJSMOS  :    a  General  Survey  of  the  Phyeical  PbeDomana  of  the  Uoifvne. 

By    Baron   A.    HumboklL     The    oHgijial  EngUah  Edition.  3  rata.  jKWt  6to.    London. 

igia.    II,  2f. 

S*  Vol  II.  Mfmratcly.  l»4a    13e. 
mmvrr^.     a  complete  course  of  MEXEOROLOOr.    By  L.  F.  KKmtt,  Prafbaaor  of 

Phyikci  at  the  Uoi^rattf  of  Halle,    With  Note*  by  Ch.  Martina,  and  an  Appemlli  l»r 

L.  Laluine,    Traoalated,  wtth  Addition!,  by  C,  V.  Walker,    Editor  of  "The  Electrical 

Mai^iw.'*    I  ?ol.  pott  Pro.  pp.  52-1,  with   U  pUtea.  cloth  boarda.  12f  G<f.     IVAi. 
XMAPP*    CHEMICAL  TECHNOLOGY,  or  CHEMISTRV  applied  to  the  ArU  and  to  Mauu. 

Aurturet.  By  F.  Knapp,  Profeaaor  at  the  University  of  Oieiaen.     Edited,  with  fmineroue 

Addttlona,  by  Dr.  E.  HuNALm*  Lecturer  on  Chemistry  at  the  Middlesex  Hoapllal  i  and 

Dr^TvoHAS  RicnAaoeoNr.of  Newcattle-oa-Tyne.     I tlust rated  with  600  iarfe  wooae«ft«. 

3  roll.  8vo.    London.  \n48.    Price  'il  2m.    VoL  II.  •eparaiely.  'i\», 
KBIFB.     GEOLOGICAL  MAP  OF  THE   BRITISH    ISLES)    in  a  cue.    XtfMdoQ,  INS. 

41. 4«. 
lilBBia.    CHEMISTRY   and    PHYSICS,    in  relation   to  Phyaiulofr  aod  Pallialoffy.      By 

Baron  Justus  Ueb^*  Profeaior  of  Chemistry  at  the  Unlveraity  of  titeasatt.    2ttd  Edition, 

8eo,  ^9.    London,  1847. 
MITCHi:i«I«|    J.    MANUAL    OP    PRACTICAL    ASSAYING,    intende<l    for    the    oae   of 

Metal lutRi its.    Captains    of  Mines,    and  Assayers  Jn   General.      With    a   copious   Table, 

for   the   purpose  of  ascertainlnf  In  Assays   of    Gold    and   Silver  the  precise  amount.   In 

Ounces,    Peiinytw^elahts,   and   Grains,   of  noble   Melal  contained  (n  one  ton  of  Ore  from 

a  given  quantity.     I  vol.  post  l^vo.     Loudon,  ItM^f.     l<t«.  ^>A* 
TREATISE  ON  THE  ADULTERATIONS  OF  FOOD,  and  the  Chemical  M»na  employed 

to  detect  them.     Con  tain  I  na   Water,   Flour,  Bread,  Milk,  Creaoi,  B«cr,  Cider,  WiM, 

SpirilQous   Liquors,  Coffee,  Tea,   Chocolate,    Sugar,    Honey,  LoaeBflta,  Chcea*,  ITkMfar, 

Pickles,  Atichovy,  Sauce  and  Paste,  Catsup,    Olive  ( Salad >  OU,    Pepper,  Bloatard.      By 

J.  Mitchell,  P.C.S.,  Author  of  "  Manual  of  PrB*.'ti<al  Assaying/'     12mo,    London.  IM».    6#. 
MUliliSR.     PRINCIPLES  of    PHYSICS  and     METFlOROLOOY       By  i    Molter,    MD. 

niuttrated  wUh  530  ivoodcuts,  and  2  coloufe<l  plates,  Svo,  18s*     London,  1847. 
QX7AftT£ai*Y  (The)  Journal  of  the  Chemltal  Society  of  London.     Edited  for  t*  e  Bociety, 

by   Dr.   L.  Roualdj,  Lecturer  on  Chemistry  at  the  Mlddlcsea  BoapltaL    Noa   1^11,111. 

Hvo.     liilb.    Each  «V 
^^UEKISTT,  J.      PRACTICAL  TREATISE  on  tbt  USB  of  the  MfCROSCOP*.    niuslrated 

with  iteel  and  wood  eugravlngs,  some  of  which  are  colonred,    8vo.    London,  IMS,    \L  Is 
B£6NAUIiT.     AN  ELEMENTARY  TREAT188  ON  CRVSTALLOGKAPHY,  Illustrated 

wiih  h>n  wi^oA  engrarlngs,  printed  on  black  groiuid,  Bfo.    London,  1S4H.    4s. 
B10HAJID80N.    GEOLOGY  for  BEGINNERSk    comprisinit  »  Fainillat   Eipoalttoo  of 

lh«  Element!  q1   Geology   and   ita   AaaoHaU  Bdencea,  Mlckeralogy,  Posall  ConcholOfT, 

POMtl  Botany,  aitd  Paleontology.    By  O.  F.  BlchanboBp  F.O^,    Sail  SdlUon,  p««l  »?0. 

witb  a&l  woodcnts,  10s.  U,     IS43. 


A  Works  PnbUftlied  bf  H.  B&im«r«, 

RIGHAHDSON  AND  RONALDS.  MKTAtLUROT»  mnd  ihe  CREMISTBY  of  Ilk* 

MBTALS     in  ^  voli.  Hta,     lUutiraLvd  vrlth  numeroai  wood  engrartiiKm.     /■  £k(t  Pttm, 
STARS   AND   THE   RARTH.     TRK  ST  Alls  «Ji4  th«  EAKTH  ^   or,  Tboufbt*  opiS 

!itp«ce.  Time,  «tid  ElernHr.    drd  Edition,  Seveoth  thouiaiKl*   tSnio.  2».     Lotidoa,  lS4d, 
THOMSON.       CHEMISTRY   of    ORGANIC    BODIES  —  VEGETABLES.      By    Tli0«Btf 
Thomson.   MJ>.  F.R.S.  L.  &  E, »    Regiua  ProfeMor  4>r  Chemtitry  fn   ib«  Unfventtr  iif 
liliuifr^w,   CarreBpotujIiiK  M«>ttb«r  of  tti«   Royul  AcMdemy  of  PuH».      I   L»|pe  vol.  §^ ,  frp. 
lUP-j;  board*.    -i4f  >     Lottiloti,  tHTId. 
HKAT  and  ELECTBICITY.     3iid  EdtUon,  1  vol.  8to.  lUastrkted  wltk  ireadeula,    li». 
Loodoflk.  1S30. 
THOMSON.      BRITISH    AKNUAL   Mtl    EPtTOMB  of  tlie    PROGHESS  of  SCirNCR 
By  R.  1>.  Tbcimcon,  AuistAot  ProfcsioT  in  the  Unlvcntty  of  Glaa^w,  H  vaU,  tSmo.  cloth 
boarU4.  lettered,  3*.  <!</.  each. 

J>^btl  F«<ir,  Id37. 
CoBtmlm  OQtoenmi  Practlctl  Tiblet  of  WelgbU,  lf««tarvi^  and  Colaii.    Tbc  ftopuLir 
Paper*  are  by  the  Her.  B.  Powetti  C.  TomLliudii.  Esq.  t  W.  8.  B.  Woolk«itM^  S«q,|  T.  8. 
0ar(ft*  E«q. »  B.  D.  Thomtoa,  If  .D. 

Secona  reitr,  1«W, 
The  Popular  Papert  are  by  T.  Thomson,  M.t».,  R«f1iit  ProfleaaoT  of  Clletntotrf  In  tfce 
UnlvcrsUr  of  Olugow;    TL  E.  Grant,  lf.I>^  Profeaaot  of  Comparatlre  Anatomy  la  tba 
UDltper«lty  Col lece.  London  i  R.  D.  ThomtoUt  M.D.}  Lilie  of  Jamea  WaU*  Uluatrated  wltb 
a  Portrait!  B.  H.  Lewli,  Eaq. 

Third  Year,  183©. 
T?ie  Popular  Papera  are  by  J.  d.  RtuaeU*  Eeq.  {  Ftofettor  R,  E.  Grant  y  H,  Gamier,  Et^ 
1L  It.  ftiomBou. 
MTEISBACH.  J.    PRINCIPLES  of  the  MECHANICS  of  MACHINERy  U  EKGINSEK- 
ING.    8to.  3  rolt.  lUuttrated  wHtt  900  wood  engraflnge,  If.  I9g,    Vol.  II.  aeparatdr,  Ite 
J^odoti,  1849. 


ANATOMV,  MSDXGZNZ:^    SURGEHY,   AITO    If  ATURAI. 
HISTORV. 

CAMPBELL,  J.  8.  OBSERVATIONS  on  TUHERCULOUS  CONSUMPTION^  an- 
(.Eihilti^  New  Vl<>wa  on  tbe  Naturi%  Patbology,  and  Ciirc  of  that  Dlaeaae:  b«laf  an  stiempi 
to  found  Its  Treatment  on  Rational  Frinrlplei.  8m.  with  2  coloured  plat«a,  JOgr.  Loa- 
tlon.  lS4i*. 

OOURTENAY.  PATHOLOGY  and  RATIONAL  TREATMENT  of  STBICTURB  ol  tbt 
UHETflUA  In  all  Iti  Varieltei  anil  Oomplicatloni,  with  obaervatlone  oti  tbc  Um  and 
Abii»e  of  tJteLhral  Inftrumentt,  llie  whole  (lltutrated  by  numeroua  G««e».  Ay  F,  B. 
CowaTawAV,  M  HCS,  Ac  4tl]  Edition.  Hto,  5*.  London.  184^. 
PRACTICAL  OUiSBRVATlONS  on  the  CHRONtC  ENLARGEMENT  of  tha  FHOSTATB 
GLAND  In  OLT>  PEOPLE:  with  Mode  of  Treatment.  By  FraocU  B.  Coarleiyif ,  8vo. 
wfth  uu  me  run  a  casea  and  filates,  boardi,  7<.  6d    London,  1B39. 

GRUVfilLHIER  AND  BON  AMY,  ATLAS  of  the  DESCRIPTIVE  ANATOMY  of 
the  HUMAN  BODV.  By  i.  CnivtUhler,  Prof^aaorof  Anntoray  to  tbe  FarultT  of  Medicine 
Pad*.  With  Explanations  by  C.  Boaamy.  Contatnlog  S2  plates  of  Oateolofy,  Syn. 
demology,  and  Myalofy.    4ta.   Plain,  Sit  y  eolouredi  &J.   !&«.     London,  Itf44. 

QERBER  AND  OnLLIVER.  ELEMENTS  of  the  GENERAL  and  MINUTE  AWA- 
T03IV  of  MAN  and  tbe  MAMMALIA;  chiefly  after  Original  Reaaarchen,  By  ProfeMOr 
Gerber.  To  which  fa  added  hd  Ap^eiidU,  cumprtsfnR  Reieorchea  oa  the  Anatomy  of  iba 
Blood,  Chyle,  Lymph,  Thymoui  Fluid,  Tubercle,  and  Addidoni.  by  C.  Guitirvr,  F.Ri. 
In  ]  Tol.  Syo.  Teat«  and  an  Atia»  of  ;m  plates,  engraved  by  L.  Aldoua.  2  vola.  9vo.  doth 
board*,  IL  4«.     lr«42. 

GRANT.  GENERAL  VIEW  of  ihe  DISTRIBUTION  of  EXTINCT  ANIMALS,  By 
Bohert  E.  Grant,  M.D.  F.R,S.  L  5c  E.  ^  Profeaior  of  C^mpantiye  Anatomy  at  the  Dni. 
Ttraity  College^  I/andon.  In  thi!  "  Britlth  Annual,*'!  t^^.  ISmo.  ^.  4i^.  London,  IStt. 
ON  the  PRINCIPLES  of  CLASSIFICATION,  m  applied  to  the  Primary  Di^alona  of  iIm 
Afilmal  Kingdom,  In  tbe  "  Britlih  Annual/'  1858.  lt!imo.  Uluitrated  with  28  Wttodevllit 
3*.  6rf.  I^iidon*  1838, 
OUTLINES  of  COMPARATIVE  ANATOMY.  8vo.  lUnitrated  tfiUt  148  woodeuls,  boudi^ 
IL  Bt,    I^ndon.  18^6— 4  L 

%*  Port  VII,  with  Til lepafle,  1*.  Sd. 

HALL.  MARSHALL*  ON  (he  DISEASES  and  DERANGEMENTS  of  tbe  KEBVOITS 
SYSTEM,  In  their  Priman'  F^rma,  and  in  their  tnodificullona  by  A««,  Sea,  Convtltutloa, 
Hereditary  PrediapoaittoD,  Exceaaea,  General  Dioarder  and  Organic  Dlaeaoe.  By  Marahall 
Ball.  M>D   F.B.S.  L.  &  G.    gro.  with  B  engraved  platet,  I5t.     Loudon,  lIMl. 

•»*    Am  an  Appendix  tu  the  ahoi^t  Work^ — 
ON  THE  MUTUAL   RELATIONS   BETWEEN  ANATOMY,  PHYSIOLOGY,  PATHO. 

LOGY,  THERAPEUTICS,  and  the  PRACTICE  of  MEDICINE;   belna  the  Golatooiaa 

Lectiim  for  1842,    8^.  with  2  Mtl^ured  piutes  and  I  niaiti,  &*.     Ljndon.  DUS. 
N|;W    MEMOtB   on    the   NERVOUS    SYSTEM,    TRUE    SPINAL  MARROW*  and    Iti 

ANATOMY.    PHYSIOLOGY,    PATHOLOGY,    and    THERAPEUTICS,       4tO.     with  4 

engraved  platea,  U.     London,  1843. 


O10i  Reireat  Btr«et,  London* 


H£NRIQ^£S.  ETIOLOGICAL,  PATROLOOICAL  and  THERAPEUTICAL  aKPLICC. 
Tia?r8  on  the  ASIATIC   CHOLEftA,   am   OBSERVED    In    EUROPE.  ASIA  UINOR, 

aod  KCTPT.    Hvo.     U.firf.    London,  1848. 

IIUF£I«AND.  MANUAL  of  th«  PRACTICE  of  M EDICT NE  i  ih*  Reault  of  Ftfty  Teara' 
Eioaricuce,  By  W.  C.  Hufelaod,  Pbyalclim  io  the  tdte  King  of  Pnisalai  Profeator  In  tht 
UoWpraity  of  BrrLln.  Ttaoalat^fl  frooi  the  Slxtb  German  EdltlOD.  by  C.  firachbauaen  and 
R   Ndion.    flvo  bound*  iSn.    London,  lti44, 

ZiAENNCC.  A  THKATISE  on  tb«  MEDIATE  AUSCULTATION,  and  on  DISEASES  of 
ihe  LLNGiS  and  HEAIIT  By  E,  T.  H.  Laeniiec,  Prof«aaor  to  Ihe  Collfge  of  Franca, 
and  to  tbe  Faj^uliy  of  Mcdfdne  of  PaHa.  U'tth  Notea  and  Addklona  by  M  /Larniier.  and 
IL  AndraL  Prof«»o™  to  tlip  Faculty  of  Mr<llclne,  Paria,  Traiiatat«<l  from  Ihe  last  edition 
by  a  lleinl>er  of  the  Cfjllege  of  Phyiiciana.  Edlt^rd  by  Tbeophllui  Herbert.  ALL),  i  with 
PractlcBl  NotA,  condeuiwl  from  Ihe  Leeturei  of  F*  H.  B*ra»dge,  M.D..  U»on.  bvo-  wltli 
Filaten,  IHm,     London.  IH4^. 

I*EBAXJIIY,  THE  ANATOMT  of  the  REGIONS  |{il«re*t«d  In  Ibt  SURGICAL  OPERA.. 
TIOKS  performed  upon  the  HUMAN  HODV;  irltb  Occaiioual  VIeMri  uftbe  Patbolofffc*] 
Condltlont.  which  render  the  Inlcrferenre  of  the  Hurg>eoii  neceaaary*  la  a  Srrlea  of  '14 
plntrt,  the  Siie  ®f  Life.    By  J.  Lebnudy.     Folio,  It  4x.     London.  1B4S» 

LE£.  THE  ANATOMY  of  the  NERVES  of  the  UTERUS  By  Robert  Lee,  M.D.  rR.3. 
Folio.  vfMh'I  enf  raved  platea.  ««.     Lonf^on,  l«4l, 

MABDOCK.  PRACTICAL  OBSERVATIONS  on  the  EFFICACY  of  MEDICATED 
INHALATIONS  In  the  TREATMENT  of  PULMONARY  CONSUMPTION.  By 
Dr.  Moddoc-lc.  3^rd  EdJUon.  iivo,  with  a  coloured  plate,  tut  M.  LoudoOj  1846. 
CASES  of  PULMONARY  CONSUMPTION.  BRONCHITIS.  ASTHMA.  CHRONIC 
COUf^fl.  and  r&rioua  diseai^a  of  the  Luugi.  ffucc»afuUy  ireatcd  by  Medicated 
TnliAlationa,  Hvo.     London.  1 847      2** 

MAmTIN.  A  GENERAL  INTRODUCTION  to  the  NATURAL  HISTORY  of  MAM- 
MIFEROUS  ANIMALS;  with  a  particular  Vlev^  of  the  Phytkal  Hlatory  of  Maa,  and 
the  more  cioaeiy  alii»l  Genera  of  the  Order  "  Quadnimana,"  or  Monkey*.  lUttatraled 
ultb  2^^  AnatnmlraL  OitL'olofrical.  and  other  eogravinftt  un  wood,  and  12  fuJI  plate 
R«preienlatloiia  of  Animaii^  draun  by  W.  Har\'<y.    f  vol  Bvo.  I641     London,  tH4L 

OWEN.  ODONTOGRAPHY  I  or.  a  Tr«aUi«  on  the  Comparatlv*  Anatomy  of  the  Teeth 
thetr  Pbyalologlcul  EeiaUona.  Mode  of  Iletneia|ihciit,  and  Micniacoplcal  Structure  In  tb« 
Vertebrate  Animals.  Hy  Richard  Ofircn.  F.R.S.  Correapotudciit  of  the  Royal  Acatletity  of 
Sciencea,  Parlfl  and  Berlin j  Hunterlan  Profeaaor  to  Ihe  Boyal  LoUegre  of  Surgeooi, 
Loedon.  Thli  tptendld  Work  If  oont-  comphtied,  3  Tots.  royal  mo,  coutolnlng  ItW  ptatea^ 
half  bound  ruaala.  C/  6«.  London.  I84(I^4A. 
A  femr  copka  of  the  pUte*  have  been  pilat«d  on  India  paper.  2  tola,  4to  W,  lUt, 

FBtLIiIPS.  SCROFULA^  Ita  Nature,  lu  Prevalence.  Ita  C^uaea*  and  the  Prindplea  of 
Trtrntment.  By  Bcnjamia  Pblllfpa.  F,R.S.  Surgeon  and  I^ecturer  on  SutRery  lo  the 
W«tmiust*r  Hoapltal.     1  vol.  8vo.  with  an  engraired  plate.  \2m.     London,  1h46, 

*'  Tbli  h  one  of  the  trw  hooka  wrhtcb  may  bt  aald  to  be  after  the  critic**  o«rn  heart  It 
la  a  Ixiok  that  was  wanted  }  the  objHect  of  It  is  excellent,  H  haa  been  carefully  planned  j  the 
InTetUgaUoni  required  hy  the  plan  have  rteen  conducted  irtth  the  uttnoat  eneriry,  Indastry 
aiid  carefulneait  fn  a  tufficlentiy  extenaive  fleld*  and  over  a  •ufflcJenlly  long  period  of  tlmej 
the  Immenae  cnaaa  of  roateriali  thua  obtained  baa  been  eianilned  and  tvelghed  with  the 
greatest  ntlentlon  and  ImpartiaiHy  i  the  lu5-rencea  and  rnuits  ha^re  been  honeitly  and 
cantlouily  dedticed  and  eli^ttorated,  and  condeneed  Into  the  Btnalleai  poaslble  >pace  cou- 
alitent  with  peraplcuity  t  wblli*  ibe  nhole  atyle  and  manner  of  the  rompoiltlon  li  tuch  a* 
ought  to  characterlae  the  prodnctloo  of  a  welt. educated,  a  Ivorued.  and  an  experienced 
sur§eon/*.^£riYT«A  and  Fortign  Mimical  HrHew, 
PHIKiXiIPB.    A  TREATISE  ou  the   URETHRA  |   1t«   Dlseaaea.  eapeclally  Stricture,  and 

their  Cure.  Hvo.  boardi.  London.  ttk'i'J.  8«. 
FRIGHAIID  THE  NATURAL  HISTORY  of  MAN  ;  compHnlng  InmilHefl  Into  tht  ModL 
fylijg  Ixiflurnce  of  Phytiicat  and  Moral  Agencies  on  the  di^ereiit  Trlhea  of  the  Hunian 
Family.  By  Janiei  Cowlrs  Prichard.  M  D.  F.R  S  M.RJ.A.  Corn^patMtlng  Member  of 
the  National  Institute,  of  Ibe  Rf^yiki  Academy  of  Medicine,  and  of  the  ?«iaiittlcal  Sodely  of 
France  t  Member  of  the  American  Phtloaophlcal  Society,  Ice.  Stc.  Jlrd  Edition,  enlarged, 
with  &9  coloured  and  h  plain  illuatrationa,  engraved  on  «ieel.  aud  97  engravlnga  on  wood, 
royal  Hvo.  elegantly  bou^nd  In  cloth.     ]/.  l&a.     London,  IS48, 

APPENDIX  to  the  FIRST  and  SECOND  EDITIONS  of  the  NATURAL  HISTORY  of 
M  AN«    J^rge  Svo.  with  ft  coloured  plates,  each  Si.  6d.     London,  IMS.  &  I S4S. 

SIX  ETHNOGRAPHICAL  MAPS,  a*  a  Snpplemeot  to  the  Natural  History  of  Man.  and 
to  the  Heaearcbea  Into  the  Phyalcal  Htitory  of  Mankind.  Folio,  colcnircd,  and  1  sheet 
of  letter-pr^aa.  21f  i  bound  In  cloth  hoards,  24«.     I<oiidoo.  1846. 

ILLUSTRATIONS  to  the  RESEARCHES  (nto  the  PHYSICAL  HISTORY  of  MAN. 
KIND.  Atlaj  of  44  coloured  and  &  plain  platea,  engraved  on  ateel.  large  8vo.  balf-bouod* 
1««.    London,  1»4l. 

ON  tha  DIFFERENT  FORMS  of  INSANITY.  In  relation  lo  iarlsprudeace.    (0edlcaled 
to  the  l^rd  Chancellor  of  England.)     12nio.  &#.     London.  1M3, 
EAYBR.    A  THEORETICAL  and  PRACTICAL  TREATISB  on    the   DISEASES  of  the 
SKIN.     By  P.  Rayer.  M.D  ,  Physician  to  the  HApUat  de  tn  ChaHt#.    Tranttate*!  Uv  H« 
Wlllla.   M>D.    2Dd  Edition,   remodelled  and   much  .  I  thick  vol.  »vo.  of  IJIOO 

pagvt,  with  atlas,  royal  4io.  of  'J6  platea,  finely  en  ^'  inired  with  the  greateal 

care,  exhibiting  400  Varletlea  of  Cutaneoua  Affeciiotti.  text  scparalcly,  ttvtk  In 

boarda.  U.  ttv;  the  attaa  4lo.  aepantcly.  In  boardt,  2f.  lOi.     l^tidon,  )(«». 


Worka  PablUhed  hw  H.  B«imer9y 


ROBINSOK.      StJRQIOAL,    IfRCHAKICAL*    mad    MSDTCAL    TBKATMKHT 
TiSHTM«    Inckdlnf?    Dentil    lfecli«otc«,   with    139   cnffaylnfi.       By  J»cn««    R( 
SurtfeoD  Pentlit  to  the  M«lropoUtaa  HMpiUl.     Foil  Sto,  rtoth,  I0»,      London.  }34^ 
RYAN,    me  PHtLOSOPBY  of  MARRIAGE,  to  Its  SocM,  Moral,  and  Phvftfc«l 

with  Alt  Acfount  of  the  DImsms  of  lb«  Cenllo-Uiinsry  Or^ui*,  with  tAc  Fty^Mogf 
GenentUoD  En  the  Vcfclabl*  ind  Anlnnal  Krngdonu.     0f  U.  Rjnuit  Bf.0, 
fHYfttty  iinpror«ff«  I  rol.  )2m(}.  tf«,    Lo(idoti«  IMSL 
S^UOKARD.    ES.SAy  on    the   INI^IGKNOLts   F0990RIAL  HYlfBNOFTrRA 
pi1sln#r  a  l^ncriptlon   of    the   Britkih   Specie*  of  Rarr^wltif   S«nd  WM|M 
mil  the  AlvtropolltBii  CoUectloni ;  wr^th  their  hablti  am  fkr  n  they  hsTc  bceo  obtcmd^J 
with  4  pistes,     Loudon,  18.17.     10s 

Ptat9  I.  it  WMHmg. 
BYMB.     PRINCIPLES  of  SURGERY.    By  J.  Syme,  Vrf^fcnvr  of  CUtilca)    Sisnr«9T  >« 
irtitwrvlty  of  Kdioburgh.    Ard  edition*  much  enUrgvd,  sod  Uliutracctt  with  14 
India  psper^  ftud  54  woodcuts.     1  rol.  8to.  21s,    Loudon,  1M2. 
VOG£Ii   AND    DAY.    THE    PATHOLOGICAL    ANATOMY  of  the    BUltAN 
By  Julius  Vof^el,  MD.    Tntislsted    iram    the   Gennao.  with   ■ddlttoiw,    by 
Dny,  M.I>.    liluatrated  with  upw»rds  of  100  pUIu  sod  colotired  engrsrln^  Sy 
iHi.     London,  ItMT. 
1I7ARDROP.     ON  BLOOD.LETTtNOt  «q  Account  of  the  Curmtivv  El^f^ts  of  the  Al 
tlon  of  Blood;  with   Rules  for  emploKying  both  local  snd  Bvuerml  Blood- Lcttloy  U 
treatment  of  Diseases.     l2ino.  Am,     Loodon,  I1B96, 
\VATCRROU8E.    A  NATl  RAL  HISTORY  of  the  MAMMALIA.     By  O.  B. 
Hiq  ,   of  the   Brltiih  Museum.      V%\\.  I,  tontsinlog  the  Order  Manufttsla^ 
Animals,  with  tl  iUastratlmts,  engtsred  ou  iteel.  and  IH  enjfrtTiogs  on  wood*  roftl 
eiefniDtIf  boundi  in  clotb,  coloured  p]at«i,  1/  14s.  M,\   plain.  \L  *M, 

Vol  II.,  containing  Thi  Oroib  Rookj^tiai  or,  GviAwtvo  MAititai<tai    with  23 
trstluns,  engraved  on  steel,  snd  en^raviDgs  oo  wood,  royal  t^o«  elef«itly  bousid  tn  dolh. 
Price,  XL  9s.  pluJn  ;  U.  14*.  <Wr.  coloured.     I^oodon,  ItMSw 

Tht  Natitrai  Hislorv  a/  MumwuMm  it  mUnded  to  emirttee  am  aixm»mt  of  Ike  wtrmrit 
mmd  h»tiU  0f  ^aiAe  kmmm  ^^ctov  ^  gwatlrttpMrfi.  or  MvmmaU .  to  wAtfcA  mMi  Ae     " 
pb^em^Hont  mp»H  tkwtr  gvogrmphiBuHiMiribmiiw  attd  ct«**ifie^Hm.    Sin^ttk*  /• 
recmi  tpteim  iUminU  mek  oUk#r.  «f  to  oIm  tolemM  #«  inetudt  n^Ucm  ^  Urn 
CMM^sff 0!^  Sir  *Ae  ASCniCf  Mpt^citt^ 

The  Oenera,  onrf  in«»fF  0/  fAe  4;pee<fe  ere  Uhtatnted  %        .  . 

«n»o«fa«<e.     TAe  iiuMlt>f<<wfMMis  oAservaA/e  tit  IJW  sfniurf«re  </  the  sMmUt  f«ef A,  /W» 
o/Ar^r  pttrts,  are  atmtutt  entiriftjf  Wtuflraftd  bf  gittt  tnrnmmgt, 
WiniilAMB.     ELEMENTS  of  MEDICINE:    Mmbid  PMeodu.   Br  fk 
Fhysidon  to  Si,  ThtKou'i  Hoipltal.    2  voli.  870. 1  J.  6«.  M.    IxiiidoQt 
«*•  VoL  II  separately,  18*.     1^41. 
WII«Iil8.    ILLUSTRATIONS  of  CUTANEOUS    DISEASE:  a  Serle«  of 

tbe  AfffcDoni  of  the  Skin*  In  their  more  latereatitig  and  freaucnt  formst  wtth  a 
Jiummary  of  their  ^iymptonif,  IMa^osis,  and  Treatjwnl,  1  Deluding  appropriate 
By  Robert  WilUs.  M.l>..  Slcmber  of  the  Royal  College  of  Physicians     The  Dr««1n«»  am 
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lettered,  6r    London,  tB42. 
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VSNABIiCS.    THIS  NATURE  AND  TREATMENT  OP  THE  EPIDEMIC  OR  ASUTIO 
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TOl.  IL  lOs.     1842--47. 
NOTES  on  the  BOTANY  of  the  ANTARCTIC  VOYAGE,  conducted   by  CAPT.  JAMBS 
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PROIIHOMUS  FLOR.K  PKNINSUL.IC  INDI.^:  ORlENTALlSj  containing  Abridged 
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CIPAL MOMtEUE'ATHlC  RKMKDIEii.     BifO.  9*,     London,  1H38. 
THE  PRACTICAL  ADVANTAGES  of  HOMOEOPATHY,  Uloatrvted  hy  nameroiia  Caaea. 
Dedicated,  by  pcrmlwlon.  to  Her  M^eaty  Queen  Adel&lde.    1  vol.  8vo.  8«.  boarda.     It^l. 

EPP8.  DOMESTIC  HOMCEOPATBYt  or,  Eutea  for  the  Docieettc  Treatment  of  the  Mala. 
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nancy.  Confinement,  and  Suckling.     4th  Edklon,  12oMi.  4it.  M.    Londofli  1844. 
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OUIfirHBR.  NEW  MANUAL  of  HOMCEOPATHIC  VETERINARY  MRDlCINBj  or, 
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JABR.  MANUAL  of  HOMCEOFATBIO  MEDICINE,  In  2  Parta.  Part  L— MjtniniA 
MimcA.  Part  lI'-TaBRiAPSimrAL  toxl  SmPTOMAToto-oiCAL  Rcpoarrotir,  Truw^ 
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HAR&AXi   fP,   BI.AODON).     POFULAE   aiTTLINES   OF   HOMOEOPATH r* 

i*.     Undoo.  i«40. 
HA&TMANN  (F.)    SPECIAL    THERAPEUTICS  i    oTt  Ibc  Booicnpfttbic  TrMtoicot  of 
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HOMCEOFATHIC  EXAMINER  (THE).    By  Dn.  Grftjr  K&d  HemfML    NcwmtIm,    Vok.  L 
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BOVEHSTEIN  (J*  a.)    THE  COMPARATIVE  MfiRlTS  OP  ALLCEOP^THY;   ih*  < 

McdlcDl  Practice,   and  Hoinu.^pntbr«  the  reformed  Medi<:al   Pnu;Uce »    practlcallf  Lilik 

(rated  f^To,  Si.     MontreaJj  1SJ6. 
BtrOrP.       REPERTORY    OF    HOMOEOPATHIC    MEDICINE.    Noaoloclcally    ajrangcd. 

TraDB]at«d   (Vom   the  German   by  A.   H.   Okte,  wUh  additioti*  aitd  itnprOTemejiCa  by  G. 
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JONB8.    THE  CL'RATIVE  POWER  of  VITAL  MAGNETISM^  TeriAad  by  Acfiut  AppU- 

cation  to  numeroua  Caaea  of  DU«aaea,     l2tno.  U.    London,  1^4^, 
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Medical  Fractltloiiera,  a  Sketch  of  the  Hblory  and  Pi«>gr«M  of  the  Water  Cuf«,«ad  an 
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